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ABSTRACT 
Crocodile farming has become an important industry in Southern Africa over the last three 
decades. The diseases occurring in farmed crocodiles have been well researched, which has 
contributed to the success of modern crocodile farming operations. However, very little 
research has been done on diseases in wild crocodiles, and the normal physiology and disease 
prevalence of wild crocodiles remains largely unknown. 
In this study Nile crocodiles were captured in the Okavango Delta, Botswana. Blood was 
collected and normal haematological and blood biochemical ranges were established for a sub-
sample of the population (haematology n=38, biochemistry n=35). The ranges obtained were 
generally in line with those reported for other species and farmed Nile crocodiles, except for 
mean haematocrit and total protein, which were relatively low. Parameters were also 
compared between males and females, as well as between size classes. Females had 
significantly greater mean red cell cotmt, eosinophils, total protein and potassium than males. 
Subadults had significantly greater mean haematocrit, haemoglobin, eosinophils, basoph.ils, 
total protein, globulin, sodium and potassium than yearlings and juveniles. Yearlings had 
significantly higher blood glucose than juveniles. 
Cloacal swabs were collected (n=29), which were cultured to establish the normal intestinal 
flora of these crocodiles. The intestinal flora was found to be diverse, with a mean of 2.7 
bacterial species per crocodile. No Salmonella were cultured. Approximately half the 
crocodiles (48.3 %) also had a fungal component to their intestinal flora. A probiotic was 
produced based on the normal intestinal flora of the wild crocodiles. The potential for this 
probiotic to reduce mortalities and improve growth in farmed hatchlings was tested in a 
controlled experiment. No significant beneficial effect was obtained. 
A disease survey was carried out on the wild crocodiles by (i) a general clinical examination 
(n=144), (ii) serological testing for mycoplasmosis (n=30), and (iii) bloodsmear examination 
for blood parasites (n=38). No clinically apparent sick crocodiles were observed. No 
antibodies to Mycoplasma crocodyli were detected. The prevalence of hepatozoonosis was 
55.3 %. There was no significant difference in the h.aematological parameters of Hepatozoon-
infected and un-infected crocodiles. 
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OPSOMMING 
Oor die afgelope drie dekades het krokodil boerdery in Suiderlike Afrika gegroei tot ' n groat 
industrie. Baie navorsing is al op die siektes van krokodille onder boerdery omstandighede 
gedoen, wat tot die sukses van moderne krokodil boerdery bygedra het. Baie min navorsing is 
al oor die siektes van wilde krokodille gedoen, en die siektes en nonnale fisiologie van wilde 
Nyl krokodille bly hoofsaaklik onbekend. 
In hierdie studie was Nyl krokodille in die Okavango Delta, Botswana, gevang. Bloed was 
getrek en die normale waardes vir 'n sub-seksie van die bevolking se hematolgie (n=38) en 
bloed biochemie (n=35) was vasgestel. Die waardes was vergelykbaar met die van Nyl 
krokodille onder boerdery omstandighede, sowel as waardes wat al van ander spesies 
geraporteer is, behalwe vir gemiddelde hematokrit en totale proteme, wat laag was. Parameters 
was tussen mannetjies en wyfies sowel as tussen verskillende groottes vergelyk. Wyfies het 
merkwaardig hoer gemiddelde rooiseltelling, eosinofiele, totale protein, en kalium as 
ma1metjies gehad. Sub-volwassenes het merkwaardig hoer gemiddelde hematokrit, 
hemoglobin, eosinofiele, basofiele, totale protern, globulien, natrium en kalium as jaar-oud en 
jong krokodille gehad. Jaar-oud krokodille het merkwaardige hoer bloed glukose as jong 
krokodille gehad. 
Kloak deppers was versamel (n=29), en kwekings gedoen om die normale dermkanaal flora 
vas te stel. Daar was 'n bree spektrum van dermkanaal flora, met 'n gemiddeld van 2. 7 
bakterie spesies per krokodil. Geen Salmonella was gei"soleer nie. Daar was een of meer ftmgi 
van 48 .3 %van die deppers geYsloeer. 'n Probiotikum was gemaak, gebaseer op die normale 
dermkanaal flora van die wilde krokodille. Die vermoe van die probiotikum om sterftes te 
verminder, en groei te verbeter, was op klein krokodile onder intensiewe omstandighede 
getoets. Daar was geen voordeel daarin gevind. 
'n Siekte opname was op wilde krokodille gedoen deur (i) 'n algemene kliniese ondersoek 
(n=l44), (ii) serologiese toetse vir mikoplasmose (n=30), en (iii) bloedsmeer ondersoek vir 
bloedparasite (n=38). Geen ooglopend siek krokodille was tydens bemonstering gevind, en 
daar is geen teenliggame teen Mycoplasma crocodyli gevind. Die voorkoms van Hepatozoon 
pettiti was 55.3 %. Daar was geen betekenisvolle verskil tussen die hematologie van die 
Hepatozoon-besmette en nie-besmette krokodille nie. 
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CHAPTER! 
Captive and Wild crocodilian diseases 
Introduction 
Research on crocodilian biology began in the 1800's, however research on crocodilian 
diseases only began in earnest in the 1980' s, as the crocodile ranching/fanning industry 
expanded. Crocodiles are very sensitive to stress, and a high incidence of disease and 
mmialities were experienced initially due to poor husbandry practices (Foggin, 1992a). 
This situation provided the opportunity to investigate the diseases occurring in farmed 
crocodiles. However, very little research on the health status of wild Nile crocodiles has 
been undertaken. 
Review 
Crocodilian Diseases 
Diseases occurring in fanned crocodilians have been well documented over the past two 
decades. There are also a limited number of reports of diseases in wild crocodilians. The 
more important diseases are briefly reviewed here. 
Viral Diseases 
Pox 
Infection with a Parapoxvirus was first reported in Caimans (Caiman crocodylus) in the 
USA (Jacobsen et al., 1979). The disease is characterized by grayish white crusty lesions 
on the oral mucosa and skin. 
Crocodile pox in the Nile crocodile (Crocodylus niloticus) has since been reported by a 
number of researchers (Foggin, 1987; Homer, 1988; Pandey et al., 1990; Huchzermeyer et 
al., 1991). It is characterized by brown crusty lesions on the skin. It has only been repmied 
in farmed crocodiles up to 12 months of age, and appears to be stress associated. Morbidity 
in farmed crocodiles can be high, but the mortality is usually low. The genome of the 
crocodile pox virus from Nile crocodiles in Zimbabwe was sequenced by Afonso et al. 
(2006). More severe erosive skin lesions have been shown to be caused by an atypical pox 
virus (Huchzermeyer et al., 2006). Clinically healthy carriers can shed the pox virus, and it 
is presumed that wild crocodiles are a reservoir of infection. The exact mode of 
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transmission is unknown, but is likely to be through contaminated water (Huchzermeyer, 
2003). 
Adenovirus 
Adenovirus infection was first recorded in hatchling C. niloticus in Zimbabwe (Jacobson et 
al. , 1984), and is now a common problem on Zimbabwean crocodile farms (Foggin, 
1992b ). Hatchlings under 5 months of age become infected by horizontal transmission, 
although vettical transmission has also been demonstrated. The vims causes a fatal 
hepatitis, with distinct intranuclear inclusion bodies in hepatocytes. Symptomatically there 
is little to be seen. There is also a chronic form, and as such it is a major cause ofnmting. 
West Nile Vims (WNV) 
This vims has caused outbreaks of disease with high mortality in farmed American 
alligators (Alligator mississippiensis) in Florida. (Miller et al., 2003). In a serological 
survey in Israel the seroprevalence rate was 70 % in fanned Nile crocodiles tested 
(Steinmann et al., 2003), and Farfan-Ale et al. (2006) fOtmd a seroprevalence of 86 % in 
farmed crocodiles in Mexico. Crocodilians may play an important epidemiological role as 
natural reservoirs of the virus. 
Newcastle disease (Paramyxovims) 
Seropositive fanned Nile crocodiles have been documented (Thomson, 1972). 
Bacterial Diseases 
Chlamydiosis 
Chlamydiosis is an important disease in young farmed Nile crocodiles (Huchzenneyer et 
al. , 1994). In the acute form it causes a severe hepatitis, resulting in acute death. In the 
chronic form there is bilateral blepharo-conjunctivitis with eventual blindness 
(Huchzermeyer, 2003). Chlamydia has caused very high mortality in Indo-Pacific 
crocodiles, Crocodylus porosus (Huchzermeyer et al., 2006). Chlamydia psittaci has been 
identified in the African clawed frog, Xenopus laevis (Newcomer et al., 1982), and it is 
believed that wild crocodiles may be a natural reservoir. 
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Mycoplasmosis 
A mycoplasma species was first fmmd to cause polyarthritis with some lung involvement 
in farmed Nile crocodiles in Zimbabwe. The animals displayed progressive lameness and 
paresis (Mohan et al. , 1995). Kirchoff et al. (1997) assigned this mycoplasma to a new 
species: Mycoplasma crocodyli. This disease results in major losses on some farms. In a 
recent outbreak in Zimbabwe, morbidity was over 50 % and mortality over 20 %. A 
vaccine was made to help control this outbreak (Mohan et al., 2001). At least 2 highly 
pathogenic new local species occur in SA, and mycoplasmosis has become an important 
disease on Southern African crocodile farms (Picard, pers. comm.). 
Mycoplasma alligatoris causes a similar disease in American alligators, char·acterized by 
pneumonia, pericarditis and arthritis (Brown et al. , 1996 and 2001; Clippinger et al. , 2000). 
Its ability to infect other crocodilian species has been demonstrated with broad-nosed 
caimans (Caiman latirostris) (Pye et al. , 2001). However, the epidemiology of 
mycoplasmosis remains unresolved. Huchzermeyer (2003) suggested that wild crocodiles 
may act as reservoirs of infection. This theory is suppotted by a recent seroprevalence 
study which found 5.4 % of wild American alligators positive forM alligatoris antibodies 
(Brown et al. , 2005). 
Salmonellosis 
Farmed crocodiles frequently harbour a wide range of Salmonella serovars as part of their 
normal intestinal flora (Scott and Foster, 1997; Mar1olis et al. , 1991; Obwolo and Zwart, 
1993). Wild Africar1 dwarf crocodiles (Osteolaemus tetraspis) ar1d wild Nile crocodiles 
have also been found to carTy Salmonella (Huchzenneyer et al. , 2000; Madsen et al. , 
1998). Neve1theless, Salmonella is the most frequently implicated bacterium in mortalities 
caused by bacterial infection (Foggin, 1992b ). Salmonellosis manifests itself in farmed 
crocodiles as either septicaemia or enteritis. Outbreaks on crocodile fanns have caused 
severe losses (Huchzermeyer, 1991 ). Stress, unhygienic conditions and feeding of infected 
carcasses are important factors in the epidemiology of the disease in farmed crocodiles. 
Not only is Salmonella important as a cause of death in farmed crocodiles, it also has 
zoonotic potential. Some of the serotypes isolated from crocodiles are pathogenic in 
hun1ans. Manolis et al. (1991 ) reported 16 % prevalence of Salmonella on C. porosus ar1d 
C. johnstoni carcasses destined for human consumption, despite proper slaughter 
procedure, while Madsen, (1993 and 1996) found Salmonella in up to 33 % of meat 
samples from fanned Nile crocodiles. 
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A large variety of other bacteria cause septicaemia in farmed crocodiles (Foggin, 1987; 
Foggin, 1992b; Buenviaje et al. , 1994; Ladds and Simms, 1990). Bacterial infections are 
promoted by low environmental temperatures, inappropriate diet, poor hygiene and stress 
(Trutnau and Sommerlad, 2006). Often bacteria causing septicaemia are part of the normal 
gastrointestinal flora. Currently the full range of normal intestinal flora in wild Nile 
crocodiles is unknown. 
Dermatophilosis (Brown Spot Disease) 
A Dermatophilus sp. is a common cause of skin disease in C. porosus and C. johnstoni in 
Australia (Buenviaje et al., 1997). Brown spot disease is characterized by brown spots, 
ulcerations, erosions and granulomas. It has not been recorded in Nile crocodiles. 
Fungal Diseases 
The range of fungi that have been isolated from farmed and wild crocodilians was 
reviewed by Huchzenneyer (2003). Most are pari of the nmmal intestinal flora, and are 
opportunistic pathogens. Stress and unfavourable environmental conditions are important 
factors. Infections may be superficial, organ specific, or generalized. 
Parasites 
Protozoa 
Coccidia described in crocodiles are usually non-pathogenic, although coccidiosis can be 
an important disease in farmed hatchlings. The parasite is found mainly in the intestinal 
mucosa, where it causes fibrinous enteritis. Shizonts and sporocysts can be found in the 
organs (Foggin, 1992b). 
Several Hepatozoon species have been described in crocodilians. Gametocytes are found in 
erythrocytes, or free in the blood. The intermediate hosts are usually hematophagous 
insects or possibly leeches (Khan et al. , 1980; Lainson et al. , 2003). While developmental 
stages have been fotmd in leeches, actual transmission of Hepatozoon spp. by leeches has 
not been proven. In Nile crocodiles, Hepatozoon pettiti was first described by Thiroux 
(1910) from Senegal and Uganda. Then H sheppardi was described from Nile crocodiles 
in Mozambique (Santos Dias, 1952). Gomersall et al. (2006) recently reported a 32.8 % 
prevalence of H pettiti in Okavango Nile crocodiles. Hepatozoon infection in crocodiles 
appears to be non-pathogenic. 
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A Giardia species has been foLmd m frumed Nile crocodiles m South Africa 
(Huchzermeyer, 2003). 
Trypanosoma grayi was described by Hoare (1929) in Nile crocodiles. There is a very low 
level of parasitaemia and it does not appear to be pathogenic. 
Helminths 
Ascaridoids: A large number of species have been described from the Nile crocodile, 
where they occur in the stomach, often in association with gastric ulcers. Ascaridoids are, 
for the most part, non-pathogenic. Recently the ascaridoid nematodes Dujardinascaris 
madagascariensis, Dujardinascaris dujardini, Gedoelstascaris vandenbrandeni and 
Multi caecum agile were recovered from the stomach contents of wild Nile crocodiles from 
the Okavango River (Junker et al. , 2006). 
Paratrichosoma sp. is found in zigzagging burrows in the ventral skin of many crocodile 
species, including wild C. niloticus in Lake Kariba (Foggin, pers. comm.). 
Trichinella were not known to occur in reptiles until 1995, when Trichinella sp was 
detected in 40 % of farm raised Nile crocodiles in Zimbabwe (Foggin et al. , 1997). This 
was found to be a new species, T zimbabwensis (Pozio et al., 2002). This has important 
zoonotic potential. 
Trematodes: a large number of species have been reported, both from the intestinal tract 
and the kidneys. 
Filarial wom1s also occur. 
Cestodes: have not been found in crocodiles. 
Pentastomes of six genera occur in 14 of the 23 crocodilian species. The Nile crocodile is 
host to six species of the genera Sebekia, Alojia and Leiperia (Junker and Boomker, 2006). 
They occur in the respiratory tract of the crocodile, where they may invoke granulomatous 
pneumonia. They utilize fish as their intetmediate hosts. 
Crocodilian Haematology and Blood Chemistry 
Reptilian clinical pathology provides some special challenges (Wilkinson, 2004; Campbell, 
1996). Several non-pathological factors can affect clinicopathological paran1eters: site of 
blood collection (degree of lymph contamination is influenced by site), temperature, 
season, gender and stress. Because reptiles maintain a less precise homeostasis than 
mammals and birds, blood biochemical "nonnal ranges" are wider. 
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The presence of nucleated erythrocytes and thrombocytes precludes the use of automated 
cell cotmters. Leukocyte counts must be perfotmed manually. Manual counts are imprecise 
with a coefficient of variation of 30 % (Heard et al. , 2004). Identification of cells is a 
problem due to confusing morphology and lack of standardized nomenclature for 
leukocytes. 
Certain haematological values have been reported from farmed Nile crocodiles (Makinde 
and Alemu, 1991 ; Foggin, 1987; Thurman, 1990). Data obtained from fam1ed crocodiles 
may not represent true nonnal values, due to their stressed metabolic state. Watson (1990) 
also reported limited haemato1ogical values from a small group of captive Nile crocodiles 
(n=5). The mean leukocyte count of 1.5xl03/!ll was much lower than that found by 
Makinde and colleagues in farmed crocodiles (6.4x103/!ll), and the differential count also 
differed vastly. This may have been due to Watson's small sample size, or may reflect a 
true variation between populations. Some haematological values have been reported for 
other species (Carmena-Suero et al. , 1979; Canfield, 1985; Millan et al. , 1997; Glassman et 
al., 1981 ; Stacey and Whitaker, 2000; Turton et al. , 1997; Troiano et al. , 1996; Mateo et 
al., 1984; Barnett et al. , 1998 and 1999) and are summarized in Table 2.9. 
Blood biochemical values reported for farmed Nile crocodiles (Foggin, 1987; Thurman, 
1990) are similar to the limited values available from wild specimens (Swannepoel et al. , 
2000; Leslie, 1997). Values reported from other crocodile species (Millan et al. , 1997; 
Stacey and Whitaker, 2000; Sinmtawineti and Ratanakom, 1994; Troiano and Althaus, 
1993; Sigler, 1991 ; Toum et al. , 1994) show a reasonably wide range across the species 
(Table 2.11 ). Barnett et al. (1999) compared haematology and certain blood chemistry 
values of captive and wild American alligators, and found the wild alligators to be 
relatively anaemic. 
Crocodilian Normal Intestinal Flora 
Huchzenneyer et al. (2000) reported the intestinal flora isolated from wild-caught African 
dwarf crocodiles (0. tetraspis). A wide range of bacterial and fungal species were isolated, 
with a range of 1-5 bacteria and 0-5 fungal species per crocodile. Salmonellae isolated 
from wild Nile crocodiles from Lake Kariba (Madsen et al. , 1998), and from wild 
American alligators (Scott and Foster, 1997) have also been documented. 
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Other studies have dealt with captive crocodilians. Misra et al. (1993) reported the normal 
flora of captive gharials (Gavialis gangeticus). Prevalence of salmonellae has been studied 
in healthy captive crocodilians (Obwolo and Zwart, 1993; Manolis et al. , 1991). 
The nom1al intestinal flora of wild Nile crocodiles therefore remains largely unknown, as 
does the difference between farmed and wild specimens. 
Objectives 
Crocodilians are tenninal predators, and as such are good indicators of the state of their 
environment (Best, 1973; Vermeer et al. , 1974; Matthiessen et al., 1982; Delany et al. , 
1988; Phelps et al., 1989; Jennings et al. , 1989; Woodward et al. , 1993; Guillette et al., 
1994; Guillette et al. , 1996; Crain and Guillette, 1998; and Crain et al., 1998). 
Consequently crocodilians are ideal species to study to assess the ecology of a system. As 
so little is known about the physiology and diseases of wild crocodiles at this stage, a 
certain amount of baseline data is essential for future comparisons. 
Therefore the objectives of my study are: 
1. To establish normal ranges for haematology and blood biochemistry in wild Nile 
crocodiles. 
2. To establish the nom1al range of intestinal flora in wild Nile crocodiles. 
3. Develop a pro biotic based on the normal intestinal flora and test the application of this 
in farmed hatchlings. 
4. Conduct a disease survey on the Nile crocodile population in the Okavango region to 
obtain baseline infonnation on disease prevalence. 
Not only will this study contribute baseline information about wild Nile crocodiles, it will 
also be of significance to crocodile fanners. The crocodile fanning industry has grown into 
a massive business internationally (Macgregor, 2002). Increased knowledge and improved 
husbandry practices have resulted in a much lower hatchling mortality rate in recent years. 
Nevertheless many of the diseases do still occur on crocodile farms, and occasionally result 
in severe financial loss. Examples include Salmonellosis (Huchzenneyer, 1991 ), bacterial 
septicaemias (Foggin, 1992b), Mycoplasmosis (Mohan et al., 2001), Chlan1ydiosis 
(Huchzermeyer, 2006) and West Nile virus (Miller et al., 2003). A greater knowledge of 
physiology of wild crocodiles may help us better understand the host-pathogen-
enviromnent interactions to the benefit of the farming industry. Knowledge of the 
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prevalence of diseases in wild crocodiles will contribute to the tmderstanding of the 
epidemiology of these diseases. A good Lmderstanding of the epidemiology of a disease is 
vital in order to develop control strategies for that disease on a crocodile farm. 
One of the most common diseases an1ong farmed crocodiles is enteritis. Frequently this 
progresses to a bacterial septicaemia, one of the main causes of death in farmed 
crocodilians (Foggin, 1992a; Foggin, 1992b; Buenviaje et al., 1994). Because of their 
unnatural environment and diet, fanned hatchlings often fail to develop a normal mixed 
intestinal flora (Huchzermeyer, 2003 ). In other species the rapid establishment of bacterial 
commLmities in the intestinal tract is thought to be essential for the prevention of 
colonization by pathogenic bacteria (Nava et al., 2005). The development of a probiotic 
appropriate for use in crocodiles has the potential to reduce the incidence of enteritis and 
septicaemia. Reducing mortality rate in hatchlings will have a big influence on fam1 
profitability. 
Veterinary involvement on crocodile farms remains important to limit production loss due 
to disease. To date, diagnostics have relied primarily on post mortem examinations in the 
face of a disease outbreak. In veterinary medicine, clinical pathology is widely employed 
as a diagnostic tool in many species. Millan et al. (2000) demonstrated the application of 
reference ranges for C. porosus as a basis in disease investigations, and Glassman et al. 
(1981) demonstrated predictable changes to the heamograms of American alligators 
infected with Aeromonas hydrophila. However, the usefulness of clinical pathology in Nile 
crocodiles is restricted by the lack of reference ranges for haematological and biochemical 
values. The limited studies to date have been on fanned Nile crocodiles, which due to their 
stressed metabolic state, do not necessarily represent tme n01mal values. 
The objective to establish normal haematological and biochemical values for wild Nile 
crocodiles, will contribute towards reference ranges for the species. Such ranges will make 
the interpretation of laboratory results easier, making clinical pathology a viable diagnostic 
tool for use in Nile crocodiles in both the zoo and crocodile farm environment. 
Study site 
The Okavango Delta, the world's biggest RAMSAR site, is a huge wetland within the 
Kalahari desert, and is situated in n01th west Botswana (Figure 1.1 ). 
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It covers an area of approximately 16 000 km2 in the dry season, increasing to over 22 000 
km2 with the annual flood. The Ill 250 km2 active catchment area falls entirely within 
Angola, where the two main tributaries, the Cubango and Cuito jointly deliver an annual 
average of 9.38 km3 of water to the Okavango. Due to the geology of the catchment, this 
incoming water is low in nutrients and sediment. About another 3.2 km3 of water is added 
to the system through rain falling directly on the Delta (Mendelsohn and Obeid, 2004). The 
Okavango River flows through Namibia briefly before entering Botswana and fom1ing a 
broad floodplain, known as the Panhandle (Figure 1.2). 
An estimated 40 % of incoming water leaks into the surrounding swamps by the time the 
river leaves the Panhandle. The remaining 60 % is distributed down three main channels, 
which fan out to form the Delta. The Okavango Delta consists of permanent and seasonal 
swamp, which is immdated during the annual flood . The size and timing of the annual 
flood depends more on rainfall in the catclm1ents area as opposed to local rainfall. In the 
panhandle region the flood peaks between February and April reaching the town of Maun 
(in the south) between June and August. 
The northern pati of the Delta is characterized by shallow water, flooded grasslands, 
backwater swamps, ox-bow lakes and hidden lagoons mostly interconnected by narrow 
waterways. Only a few main channels lined by tall reeds (mainly Phragmites australis), 
carry the remainder of the Okavango's water southwards through the Delta. The permanent 
and seasonal swamp, together form a unique ecosystem, providing high quality habitat for 
a great many species. As a keystone species, the Nile crocodile helps maintain the fragile 
balance within this ecosystem. Crocodiles are unevenly distributed throughout the Delta, 
with the majority of the breeding population occurring in the 120 km long Panhandle. 
During the height of the flooding season, crocodiles disperse into the floodplains, probably 
to follow the fish and find dry ground for basking during the cool winter months. 
The climate of the area is sub-tropical with hot, rainy summers and cool, surmy and dry 
winters. Average daily maximtill1 temperatures range from 35 °C in October to 26 °C in 
July. Average daily minimum temperature falls to 7 oc in the coldest months of June and 
July. The rainy season starts in November and ends in February. 
Fauna and flora 
There are over 80 fish species in the Delta. The system supports between 1 00 and 200 
kilograms of fish per hectare. This is much lower than many other fresh water systems, 
primarily due to the water' s low level of nutrients (Mendelsohn and Obeid, 2004). 
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Inve1iebrates are abundant. Biodiversity is lowest in the main flowing channels, slightly 
higher in the vegetated side channels, and higher still in quiet vegetated backwaters and 
lagoons. 
The nun1ber of large mammals in the Delta varies with season between approximately 160 
000 and 260 000. Due to the influence of man in the panhandle region, game 
concentrations there are low, and the diversity restricted to the Nile crocodile, 
hippopotamus (Hippopotamus amphibious), elephant (Loxodonta africana) , lechwe (Kobus 
lechwe), two types of large monitor lizard (Varanus niloticus and V albigularis), leopard 
(Panthera pardus) , common bushbuck (Tragelaphus scriptus) and sitatt.mga (Tragelaphus 
spekei) . 
The vegetation of the panhandle region is dominated by the grasses Vossia cupidata (hippo 
grass) and Echinochloa (Limpopo grass), the sedge Cyperus papyrus (papyrus), rushes 
Typha capensis (bullrush) and reeds Phragmites mauritianus (phragmites). 
Study Animal 
The crocodilians of today are the only living representatives of the Archosauria or "ruling 
reptiles", one of the most successful groups of vertebrates ever known. This group 
included the dinosaurs and pterosaurs. 
The history of the crocodilians has been reviewed by Bellairs (1987) and Buffetaut (1979 
and 1989). Early crocodilians appeared in the Upper Triassic, some 200 million years ago. 
These are placed in the order Protosuchia, and were lizard-like creatures less than one 
meter in length, with a broad head and relatively short narrow snout, and long legs. During 
the Mesozoic (230 - 65 million years ago) crocodilians radiated into a great valiety of 
broad and nmTow snouted types. Modern crocodilians appeared and became dominant 
some 80 million years ago. Todays crocodilians m·e classified in the suborder Eusuchia, 
and family Crocodylidae. The twenty-three living species are grouped into three 
subfamilies: the Crocodylinae, the Alligatorinae and the Gavialinae (Ross and Magnusson, 
1989). The distinction between crocodilians is based mainly on anatomical differences of 
the skull and scale patterns of the skin. The present range of crocodilians is limited to the 
tropical and subtropical regions of the world. 
The Nile crocodile is the most widespread a11d abundant of the three crocodile species that 
occur in Africa. It occurs throughout the continent south of the Sahara, in a variety of 
wetland habitats, including coastal areas (Taplin and Loveridge, 1988). Historically its 
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distribution in southern Africa extended down the east coast as far as the Kei River (Figure 
1.3). 
Figure 1.3: The distribution of the Nile crocodile in Africa and Madagascar. (Adapted from 
Trutnau and Sommerlad, 2006). 
The Nile crocodile is dark olive to brown, with a light yellow abdomen. Being reptiles, 
they are ectothermic and regulate their body temperature behaviourally, by moving 
between sun-exposed sandbanks and the water. Typical adult lengths are around 3.5 m, but 
they can grow up to 5 m (Groombridge, 1987). Sexual maturity is reached from 2.9 m total 
length for males, and 2.2 m for females (Cott, 1961). Nesting occurs in a hole in the 
ground, where an average of 50 eggs are laid. Nile crocodiles exhibit temperature-
dependent sex determination (Leslie, 1997). Hatchlings emerge after an incubation period 
of approximately 90 days, in early to mid summer, and parental protection occurs (Pooley 
and Gans, 1976; Pooley, 1977). There is a very high mortality rate in their first year oflife 
due to predation. 
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The diet ofthe Nile crocodile changes ontogenetically, consisting predominantly of insects 
and crustaceans in young crocodiles, while fish fonns a major part of the diet in crocodiles 
over one metre (Cott, 1954). Adult crocodiles are often the largest predators in their 
aquatic environments, with terrestrial mammals including humans and livestock falling 
victin1 to them. 
The Nile crocodile was heavily exploited throughout Africa during the 1950' s and 1960' s 
(Parker and Watson, 1970). Legal protection in the 1970's (through a CITES Appendix 1 
listing in 1973) resulted in significant recoveries of crocodile populations in several 
countries, including in the Okavango Delta. In Botswana today, Nile crocodiles are found 
in the Okavango Delta and the Kwando/Linyanti/Chobe Rivers. 
Stellenbosch University  https://scholar.sun.ac.za
References 
Afonso CL, Tulman ER, Delhon G, Lu Z, Viljoen GJ, Wallace DB, Kutish GF, Rock DL 
(2006) Genome of crocodile pox virus. Journal of Virology 80: 4978-4991. 
14 
Barnett JD, Cardeilhac PT, Ban B, Wolff W, Bass OL (1999) Differences between 
captive-raised and wild-caught Everglades National Park alligators in serum 
chemistry values, serum protein electrophoresis, thyroid honnone levels, and 
complete blood cotmts. Proceedings of the International Association of Aquatic 
Animal Medicine, Boston, Massachusetts, USA 30: 36-139. 
Barnett JD, Cardeilhac PT, Ban B, Wolff W, Bass OL, Flemming DM (1998) Utilization 
of thyroid horn1one levels to detern1ine starvation in alligators from the Everglades 
National Park. Proceedings of the International Association of Aquatic Animal 
Medicine, Boston, Massachusetts, USA 30: 52-56. 
Bell airs A d' A (1987) The Crocodilia. In: Wildlife management: Crocodiles and 
Alligators. Edited by GJW Webb, SC Manolis & PJ Whitehead. Suney Beattie & 
Sons Pty Ltd, Chipping Norton, New South Wales, Australia: 5-7. 
Best SM (1973) Some organochlorine pesticide residues in wildlife of the Northern 
Tenitory Australia. Australian Journal ofBiological Sciences 26: 1161. 
Brown DR, Clippinger TL, Helmick KE, Schumacher IM, Bennett RA, Johnson CM, Vliet 
KA, Jacobson ER, Brown MB (1996) Mycoplasma isolation during a fatal 
epizootic of captive alligators (Alligator mississippiensis) in Florida. International 
Organisation ofMycoplasmology Letters 4: 42-43 . 
Brown DR, Farley JM, Zache LA, Carlton JM-R, Clippinger TL, Tully JG, Brown MB 
(2001) Mycoplasma alligatoris sp. nov., from American alligators. International 
Jomnal of Systematic and Evolutionary Microbiology 51: 419-424. 
Brown DR, Zacher LA Carbonneau DA (2005) Seroprevalence of Mycoplasma alligatoris 
among free-ranging alligators (Alligator mississippiensis) in Florida-2003. Journal 
of Zoo and Wildlife Medicine 36 (2): 340-341. 
Buenviaje GN, Hirst RG, Ladds PW, Millan LM (1997) Isolation of Dermatophilus sp. 
from skin lesions in farmed saltwater crocodiles (Crocodylus porosus). Australian 
Veterinary Journal 75: 365-367. 
Buenviaje GN, Ladds PW, Melville L, Manolis SC (1994) Disease-husbandry associations 
in farmed crocodiles in Queensland and the Northern Tenitory. Australian 
Veterinary Journal 71 (6): 165-173. 
Stellenbosch University  https://scholar.sun.ac.za
15 
B uffetaut E ( 1979) The evolution of the crocodilians. Scientific American 241 ( 4): 13 0-
140. 
Buffetaut E (1989) Evolution. In: Crocodiles and Alligators. Edited by CA Ross . Weldon 
Owen Pty Limited, McMahons Point, NSW, Australia: 26-41 . 
Can1pell TW (1996) Clinical pathology. In: Mader, DR ( ed). Reptile Medicine and 
Surgery, WB Saunders CO, Philadelphia, Pennsylvania: 248-257. 
Canfield PJ (1985) Characterization of the blood cells of Australian crocodiles 
(Crocodylus porosus [Schneider] and C. johnstoni [Krefft]). Zentralblatt fur 
Veterinarmedizin C Anatomie, Histologie, Embryologie 14: 269-288. 
Carmena-Suero A, Sn·et JR, Callejas J, Carmena D (1979) Blood volume and 
haematological values of crocodile (Crocodylus rhombifer Cuvier). Comparitive 
Biochemistry and Physiology 64A: 597-600. 
Clippinger TL, Bennett RA, Johnson CM, Vliet KA, Deem SL, Oros J, Jacobson ER, 
Schumacher IM, Brown DR, Brown MB (2000) Morbidity and mortality associated 
with a new mycoplasma species from captive American alligators (Alligator 
mississippiensis). Journal of Zoo and Wildlife Medicine 31 (3): 303-14. 
Cott HB (1954) The status ofthe Nile crocodile in Uganda. Uganda Joumal18 (1): 1-12. 
Cott HB ( 1961) Scientific results of an enquiry into the ecology and economic status of the 
Nile crocodile (Crocodylus niloticus) in Uganda and Northern Rhodesia. 
Transactions of the Zoological Society of London 29: 211-356. 
Crain DA, Guillette Jr LJ (1998) Reptiles as models of contan1inant-induced endocrine 
disruption. Animal Reproduction Science 53 : 77-86. 
Crain DA, Guillette Jr LJ, Pickford DB, Percival HF, Woodward AR (1998) Sex-steroid 
and thyroid hormone concentrations 111 juvenile alligators (Alligator 
mississippiensis) from contaminated and reference lakes in Florida, USA. 
Environmental Toxicology and Chemistry 17: 446-452. 
Delany MF, Bell JU, Stmdlof SF (1988) Concentrations of contaminants in muscle of the 
American alligator in Florida. Journal of Wildlife Diseases 24: 62-66. 
Farfan-Ale JA, Blitvich BJ, Marlenee NL, Lorono-Pino MA, Puerto-Manzano F, Garcia-
Rejon JE, Rosado-Paredes EP, Flores-Flores LF, Ortega-Salazar A, Chavez-
Medina J, Cremieux Grimaldi JC, Correa-Morales F, Hernandez-Gaona G, 
Mendez-Galvan JF, Beaty BJ (2006) Antibodies to West Nile virus 111 
asymptomatic mammals, bn·ds, and reptiles in the Yucatan Peninsula of Mexico. 
American Journal of Tropical Medicine and Hygiene 74 (5): 908-914. 
Stellenbosch University  https://scholar.sun.ac.za
16 
Foggin CM (1987) Diseases and disease control on crocodile farms in Zimbabwe. In 
Wildlife Management: Crocodiles and Alligators. Edited by GJW Webb, SC 
Manolis & PJ Whitehead. Surrey Beattie & Sons Pty Ltd, Chipping Norton, New 
South Wales, Australia: 351-362. 
Foggin CM (1992a) Disease trends on crocodile farms in Zimbabwe. Proceedings of the 
11th Working Meeting of the Crocodile Specialist Group of the Species Survival 
Commission, IUCN- The World Conservation Union, Gland, Switzerland: Vol 1, 
107-110. 
Foggin CM (1992b) Diseases of farmed crocodiles. In: Smith GA, Marais J (eds) 
Conservation and utilization of the Nile crocodile in South Africa. Handbook on 
Crocodile Farming. The Crocodile Study Group of Southern Africa, Pretoria: 107-
140. 
Foggin CM, Vassilev GD, Widdowson MA (1997) Infection with Trichinella in farmed 
crocodiles ( Crocodylus niloticus) in Zimbabwe. Proceedings of the 16th 
International Conference of The World Association for the Advancement of 
Veterinary Parasitology, 10- 15 August 1997, Sun City, South Africa. Abstract No. 
110. 
Glassman AB, Bennett CE, Hazen TC (1981) Peripheral blood components in Alligator 
mississippiensis. Transactions of the American Microscopic Society 100: 210-215. 
Gomersall DP, Smit NJ, Leslie A (2006) Prevalence, distribution and possible vector of 
Hepatozoon pettiti, blood parasite of Nile crocodiles in the Okavango Delta. 
Journal ofthe South African Veterinary Association 77 (2): 93. 
Groombridge B (1987) The Distribution and Status of World Crocodilians. In: Wildlife 
management: Crocodiles and Alligators. Edited by GJW Webb, SC Manolis & PJ 
Whitehead. Surrey Beattie & Sons Pty Ltd, Chipping No11on, New South Wales, 
Australia: 9-21. 
Guillette Jr LJ, Gross TS, Masson GR, Matter JM, Percival HF, Woodward AR (1994) 
Developmental abnormalities of the gonad and abnormal sex hormone 
concentrations in juvenile alligators from contaminated and control lakes in 
Florida. Environmental Health Perspectives 102: 680-688. 
Guillette Jr LJ, Pickford DB, Crain DA, Rooney AA, Percival HF (1996) Reduction in 
penis size and plasma testosterone concentrations in juvenile alligators living in a 
contaminated environment. General and Comparative Endocrinology 101: 32-42. 
Stellenbosch University  https://scholar.sun.ac.za
17 
Heard D, Harr K, Wellehan J. (2004) Diagnostic sampling and laboratory tests. In: 
BSAVA Manual of Reptiles. Girling SJ, Raiti P (Eds). British SAVA, Glouster, 
UK: 75-80. 
Hoare CA (1929) Studies on Trypanosoma grayi 2. Experimental transmission to the 
crocodile. Transactions of the Royal Society of Tropical Medicine and Hygiene 23: 
39-56. 
Homer RF (1988) Poxvirus in farmed Nile crocodiles. Veterinary Record 112: 459-462. 
Huchzem1eyer FW (2003) Crocodiles: biology, husbandry and diseases. CABI Publishing, 
Wallingford, Oxon, UK and Cambridge, MA, USA. 
Huchzermeyer FW, Huchzenneyer KDA, Putterill JF (1991) Observations on a field 
outbreak of pox virus infection in a yOtmg Nile crocodiles (Crocodylus niloticus). 
Joumal of the South African Veterinary Association 62: 27-29. 
Huchzermeyer FW, Gerdes GH, Foggin CM, Huchzenneyer KDA, Limper LC (1994) 
Hepatitis in fan11ed hatchling Nile crocodiles (Crocodylus niloticus) due to 
Chlamydia] infection. Journal of the South African Veterinary Association 65: 20-
22. 
Huchze1meyer FW, Henton M, Riley J, Agnagna M (2000) Aerobic intestinal flora of 
wild-caught African dwarf crocodiles Osteolaemus tetraspis. The Onderstepoort 
Joumal ofVeterinary Research 67 (3) : 201-205. 
Huchzermeyer FW, Langelet E, Wallace DB, Putterill JF, Gerdes GH (2006) Two New 
Diseases: Chlamydiosis in C. porosus and Atypical Pox in C. niloticus. Poster 
presentation at the 18th Working Meeting of the Crocodile Specialist Group, 20-23 
June 2006, Montelimar, France. 
Huchzermeyer KDA (1991) Treatment and control of an outbreak of Salmonellosis in 
hatchling Nile crocodiles (Crocodylus niloticus) . Joumal of the South Africa 
Veterinary Association 62: 23-25. 
Jacobsen ER, Gardiner CH, Foggin CM (1984) Adenovirus-like infection in two Nile 
crocodiles. Journal of the American Veterinary Medical Association 185: 1421-
1422. 
Jacobson ER, Popp JA, Shields RP, Gaskin JM (1979) Pox-like skin lesions in captive 
caimans. Joumal ofthe American Veterinary Medical Association 175: 937-940. 
Jennings ML, Percival HF, Woodward AR (1989) Evaluation of alligator hatchling and 
egg removal from tlu·ee Florida lakes. In: Proceedings of the Annual Conference of 
the Southeastern Association ofFish and Wildlife Agencies 42: 283-294. 
Stellenbosch University  https://scholar.sun.ac.za
18 
Junker K, Wallace K, Leslie A J, Boomker J (2006) Gastric nematodes of Nile crocodiles, 
Crocodylus niloticus Laurenti, 1768, in the Okavango River, Botswana. 
Onderstepoort Journal of Veterinary Research 73 (2): 111-114. 
Junker K, Boomker J (2006) A check-list of the pentastomid parasites of crocodilians and 
freshwater chelonians. Onderstepoort Journal of Veterinary Research 73 (1): 27-36. 
Khan RA, Forrester DJ, Goodwin TM, Ross CA (1980) A haemogregarine from the 
American alligator (Alligator mississippiensis). Journal of Parasitology 66: 324-
328. 
Kirchhoff H, Mohan K, Schmidt R, Runge M, Brown DR, Brown MB, Foggin CM, 
Muvavarirwa P, Lehmann H, Flossdorf J. (1997) Mycoplasma crocodyli sp. nov. , a 
new species from crocodiles. International Journal of Systematic Bacteriology 47: 
742-746. 
Ladds PW, Simms LD (1990) Diseases of young captive crocodiles in Papua New Guinea. 
Australian Veterinary Journal 67: 323-330. 
Lainson R, Papema I, Naiff RD (2003) Development of Hepatozoon caimani (Carini , 
1909) Pessoa, De Biasi & De Souza, 1972 in the Caiman Caiman c. crocodilus, the 
Frog Rana catesbeiana and the Mosquito Culex fatigans. Memorias do Instituto 
Oswaldo Cruz 98 (1): 103-113. 
Leslie AJ (1997) Ecology and physiology of the Nile crocodile, Crocodylus niloticus, in 
Lake St. Lucia, KwaZulu/Natal, South Africa. Ph.D. Thesis, Drexel University, 
Philadelphia, USA: 110-196. 
MacGregor J (2002) International Trade in Crocodilian Skins: Review and analysis of the 
trade and industry dynamics for market-based conservation. IUCN - The World 
Conservation Union, Gland, Switzerland. 
Madsen M (1993) Microbial flora of frozen tail meat from captive Nile crocodiles 
(Crocodylus niloticus). International Journal ofFood Microbiology 18 (1): 71-76. 
Madsen M ( 1996) Prevalence and serovar distribution of Salmonella in fresh and frozen 
meat from captive Nile crocodiles (Crocodylus niloticus). International Journal of 
Food Microbiology 29: 111-118. 
Madsen M, Hangartner P, West K, Kelly P (1998) Recovery rates, Serotypes, and 
antimicrobiaal susceptibility patterns from Salmonellae isolated from wild Nile 
crocodiles (Crocodylus niloticus) in Zimbabwe. Journal of Zoo and Wildlife Med 
29: 31-34. 
Stellenbosch University  https://scholar.sun.ac.za
19 
Makinde MO, Alemu P (1991) Erythrocyte membrane osmotic fragility and some 
haematological values of captive Nile crocodiles (Crocodylus niloticus). Zimbabwe 
Veterinary Journal22: 119-125. 
Manolis SC, Webb GJW, Pinch D, Melville L, Hollis G (1991) Salmonella in captive 
crocodiles. Australian Veterinary Joumal68 : 102-105. 
Mateo MR, Roberts MD, Enright FM (1984) Morphologic, cytochemical, and functional 
studies of peripheral blood cells of young healthy American alligators (Alligator 
mississippiensis). American Journal ofVeterinary Research 45: 1046-1053. 
Matthiessen P, Fox PJ, Douthewaite RJ, Wood AB (1982) Accumulation of endosulfan 
residues in fish and their predators after aerial spraying for the control of tsetse fly 
in Botswana. Pesticide Science 13: 39-48. 
Mendelsohn J, el Obeid S (2004) Okavango River, the flow of a lifeline. Struik Publishers, 
Cape Town, South Africa. 
Millan JM, Janmaat A, Fomiatti KR , Chambers LK, Melville LF, Purdie JL, Richardson 
KC (2000) Biochemical and haematological values in fanned saltwater crocodile 
Crocodylus porosus in the Northern Tenitory. In: Crocodilian Biology and 
Evolution. Edited by Grigg GC, Seebacher F, Franklin CE. Suney Beatty & Sons, 
Chipping Norton: 341-344. 
Millan JM, Janmaat A, Richardson KC, Chambers LK, Fomiatti KR (1997) Reference 
ranges for biochemical and haematological values in farmed saltwater crocodile 
(Crocodylus porosus) yearlings. Australian Veterinary Joumal 75: 814-817. 
Miller DM, Mauel MJ, Baldwin C, Burt1e G, Ingram D, Hines II ME, Frazier KS (2003) 
West Nile virus in farmed alligators. Emererging Infectious Diseases 9 (7): 794-
799. 
Misra PR, Kumar D, Patnaik GM, Raman RP, Sinha A (1993) Bacterial isolates from 
apparently healthy and diseased crocodiles (Gavialis gangeticus). Indian 
Veterinary Journal 70: 375-376. 
Mohan K, Foggin CM, Dziva F, Muvavarirwa P (2001) Vaccination to control an outbreak 
of Mycoplasm crocodyli infection. Onderstepoort Joumal of Veterinary Research 
68 (2): 149-150. 
Mohan K, Foggin CM, Muvavarirwa P, Honywill J, Pawandiwa A (1995) Mycoplasma-
associated polyartlu·itis in fanned crocodiles (Crocodylus niloticus) in Zimbabwe. 
Onderstepo01i Journal of Veterinary Research 62: 45-49. 
Stellenbosch University  https://scholar.sun.ac.za
20 
Nava OM, Bielke LR, Callaway TR, Castaneda MP (2005) Probiotic alternatives to reduce 
gastrointestinal infections: the poultry experience. Animal Health Research 
Reviews 6 (1): 105-18. 
Newcomer CE, Anver MR, Simmons JL, Wilcke BW, Nace OW (1982) Spontaneous and 
experimental infections of Xenopus laevis with Chlamydia psittaci. Laboratory 
Animal Science 32: 682-686. 
Obwolo MJ, Zwart P (1993) Prevalence of Salmonella in the intestinal tracts of fan11-
reared crocodiles (Crocodylus niloticus) in Zimbabwe. Journal of Zoo and Wildlife 
Medicine 25: 175-176. 
Pandey OS, Inoue N, Oshima K, Okada K, Chihaya Y, Fujimoto Y (1990) Poxvirus in Nile 
crocodiles ( Crocodylus niloticus). Research in Veterinary Science 49: 171-176. 
Parker ISC, Watson RM (1970) Crocodile distribution and status in the major waters of 
western and central Uganda in 1969. East African Wildlife Journal 8: 85-103. 
Phelps RJ, Toet M, Hutton JM (1989) DDT residues in the fat of crocodiles from Lake 
Kariba, Zimbabwe. Transactions of the Zimbabwe Scientific Association 64 (2): 9-
14. 
Pooley AC (1977) Nest opening response of the Nile crocodile Crocodylus niloticus. 
Journal of Zoology (London) 182: 17-26. 
Pooley AC, Oans C (1976) The Nile crocodile. Scientific American 234 (4): 114-124. 
Pozio E, Foggin CM, Marucci 0 , La Rosa 0, Sacchi L, CoronaS, Rossi P, Mukaratirwa S 
(2002) Trichenella zimbabwensis n.sp (Nemtoda), a new non-encapsulated species 
from crocodiles (Crocodylus niloticus) in Zimbabwe also infecting mmals. 
International Journal for Parasitology 32: 1787-1799. 
Pye OW, Brown DR, Nogueira MF, Vliet KA, Schoeb TR, Jacobson ER, Bennett RA 
(2001) Experimental inoculation of broad-nosed caimans (Caiman latirostris) and 
Siamese crocodiles (Crocodylus siamensis) with Mycoplasma alligatoris. Journal 
of Zoo and Wildlife Medicine 32 (2): 196-201. 
Ross CA, Magnusson WE (1989) Living Crocodilians. In: Crocodiles and Alligators. 
Edited by Ross CA. Weldon Owen Pty Limited, McMahons Point, NSW, 
Australia: 58-73 . 
Santos Dias JAT (1952) Acerca de uma nova especie de Haemogregarina, parasita dos 
eritrocitos do Crocodilus niloticus em Mo9an1bique: Haemogregarina sheppardi 
n.sp. Anais do Instituto de Medicina Tropical 9: 181. 
Stellenbosch University  https://scholar.sun.ac.za
21 
Scott T, Foster BG (1997) Salmonella Spp. in free-ranging and farmed alligators (Alligator 
mississippiensis) from Texas and Louisiana, U.S .A. Aquaculture 156: 179-181. 
Sigler L (1991) Constantes fisiologicas y valores hematicos de crocodilianos mexicanos en 
cautiverio en los Estados de Chiapas, Quintana Roo y Yucatan. Veterinaria Mexico 
22:99. 
Siruntawineti J, P Ratanakom (1994) Hematology and serum chemistry values of captive 
False Gharial (Tomistoma schlegelii) in Thailand. In: Crocodiles. Proceeding of the 
12th Working Meeting of the Crocodile Specialist Group, Vol. 2. IUCN - The 
World Conservation Union, Gland, Switzerland: 279-286. 
Stacey BA, Whitaker N (2000) Hematology and blood biochemistry of captive Mugger 
crocodiles (Crocodylus pahtstris). Journal of Zoo and Wildlife Medicine 31 (3): 
339-347. 
Steinmrum A, Bru1et-Noach C, Tal S, Levi 0, Simanov L, Perks S, Malkinson M, Shpigel 
N (2003) West Nile Virus Infection in Crocodiles. Emerging Infectious Diseases 9 
(7): 887-8. 
Swanepoel D, Boon1ker J, Kriek NPK (2000) Selected chemical parameters in the blood 
and metals in the organs of the Nile crocodile, Crocodylus niloticus, in the Kruger 
Park. Onderstepo01i Jomnal ofVeterinary Research 67 (2): 141-149. 
Taplin LE, Loveridge JP (1988). Nile crocodiles, Crocodylus niloticus, and estuarine 
crocodiles, Crocodylus porosus, show similar osmoregulatory responses on 
exposure to seawater. Comparative Biochemistry and Physiology 89A: 443 - 448 . 
Thiroux A (1910) Une haemogregarine de Crocodylus niloticus. Comptes Rendus des 
Seances de la Societe de Biologie 69: 577-578. 
Thomson GR (1972) Newcastle disease in crocodiles? Rhodesian Veterinary Joumal3: 29. 
Thunnan G (1990) The approach to the care and treatment of captive crocodiles. Natal 
Crocodile Farmers Association Newsletter 3: 12-20. 
Toum S, Imhof A, Costa A, Von Finck C, LruTiera A (1994) Blood collection and smnple 
process in Caiman latirostris (Progress report) In: Crocodiles. Proceedings of the 
1i11 Working Meeting of the Crocodile Specialist Group. IUCN - The World 
Conservation Union, Gland, Switzerland: Vol2, 49-54. 
Troiru1o JC, Silva MC, Esarte M, Marquez AG, Mira G (1996) Valores hematologicos de 
las especies argentines del genero Caiman (Crocodylia- Alligatoridae). Facena 12: 
111-118. 
Stellenbosch University  https://scholar.sun.ac.za
22 
Troiano TC, Althaus R (1993) Hallazgos hematologicos en Caiman latirostris (Crocodylia 
- Alligatoridae) en condiciones de cautiverio. Memorias del IV Workshop sabre 
conservacion y manejo del yacare overo Caiman latirostris. 'La Region' -
Fundacion Banco Bico- Santo Tome, Sante Fe, Argentina: 12-24. 
Trutnau L, Sommerlad R (2006) Crocodilians. Their Natural History & Captive 
Husbandry. Frankfurt am Main 2006: Edition Chimaira. 
Twton JA, Ladds PW, Manolis SC, Webb GJW (1997) Relationship of blood 
corticosterone, inmmnoglobulin and haematological values in young crocodiles 
(Crocodylus porosus) to water temperature, clutch of origin and body weight. 
Australian Veterinary Journal 75: 114-119. 
Vermeer K, Risebrough RW, Spaans AL, Reynolds LM (1974) Pesticide effects on fishes 
and birds in rice fields of Surinam, South America. Environmental Pollution 7: 
217-236. 
Watson PAl (1990) Effects of blasting on Nile crocodiles, Crocodylus niloticus. In: 
Proceedings ofthe lOth Working Meeting of the Crocodile Specialist Group. IUCN 
-The World Conservation Union, Gland, Switzerland. Vol2, 240-252. 
Wilkinson R (2004) Clinical pathology. In: Medicine and Surgery of Tortoises and Turtles. 
Mcarthur S, Wilkinson R, Meyer J. Blackwell Publishing, Oxford UK: 141-152. 
Woodward AR, Percival HF, Jennings ML, Moore CT (1993) Low clutch viability of 
American alligators on Lake Apopka. Florida Scientist 56 (5): 2-63. 
Stellenbosch University  https://scholar.sun.ac.za
23 
CHAPTER2 
Normal Haematology and Blood Biochemistry of Wild Nile Crocodiles (Crocodylus 
niloticus) in the Okavango Delta, Botswana. 
Introduction 
Crocodile farming has developed into a large global industry over the past 25 years. 
According to Luxmore (1992) there were 597 commercial farms, with a total stock of 1.1 
million animals. The biggest crocodile farm is in China and houses about 18 000 
crocodiles, while the Sumutprakarn Farm in Thailand has 3 700 breeding stock (Trutnau 
and Sommerlad, 2006). 
In a comprehensive report on the international trade in crocodilian skins, MacGregor 
(2002) states that since the promulgation of CITES, the proportion of crocodilian skins 
supplied to the industry from wild harvests has diminished dramatically, from over 99% in 
1983 to only 6 % in 1999. Of an estimated total of 1 182 469 skins, 70 3 81 originated from 
wild harvest, 255 945 from ranches and 856 143 were captive bred. (Wild harvest refers to 
hunting or harvest directly from a wild population; ranching refers to crocodiles raised on 
farms, but collected in the wild either as eggs or hatchlings. Captive bred, or farmed 
crocodiles, are hatched from eggs originating from breeding stock kept on the farm). Eight 
of the 23 crocodilian species are currently used in the worldwide industry. The Nile 
crocodile (Crocodylus niloticus) is the species most utilized in Africa. Wild harvest still 
occurs in Tanzania, while ranching occurs in Botswana, Ethiopia, Kenya, Madagascar, 
Malawi, Mozambique, Nan1ibia, Tanzania, Uganda, Zambia and Zimbabwe. Captive 
breeding occurs in Kenya, Madagascar, Namibia, South Africa, Botswana and Zimbabwe. 
In 1999, Nile crocodile skins accounted for 126 612 out of the total supply of 
1 182 469 skins (10.7 %). As such it is the third most important crocodilian from an 
economic perspective. Table 2.1 demonstrates the increasing importance of farn1ing in the 
production ofNile crocodile skins. 
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Table 2.1: Number of C. niloticus skins originating from the different sources in 1980 and 
1999. (Adapted from MacGregor, 2002) 
Year Source 
Wild Ranched Captive bred 
1980 16 508 12 0 
1999 1 294 56 158 69 160 
Experience gained during the early years of crocodile farming in southern Africa has led to 
much improved husbandry, better survival rates and reduced disease incidence. Hatchling 
mortality in Zimbabwe reduced from 31.2% in 1983 to 11.7% in 1991 (Foggin, 1992a). 
Nevertheless, certain diseases remain important. Bacterial enteritis and septicaemia are the 
most common cause of death (Foggin, 1992b). This is a complex syndrome and control 
depends on optimal husbandry practices. Mycoplasmosis has assumed increasing 
importance since its initial diagnosis in 1995 (Mohan et al. , 1995 and 2001 ). Several large 
outbreaks have occurred on South African crocodile fanns, with high morbidity and huge 
financial implications. (Picard, pers comm.). Chlamydiosis recently caused very high 
mortalities in Indo-Pacific crocodiles (C. porosus) (Huchzermeyer et al. , 2006). 
Veterinary involvement on crocodile fmms therefore remains important to limit production 
loss due to disease. To date, diagnostics have relied primarily on post mortem 
examinations in the face of a disease outbreak. In veterinary medicine clinical pathology is 
widely employed as a diagnostic tool in many species. Millan et al. (2000) demonstrated 
the potential application of reference ranges for C. porosus as a basis in disease 
investigations, and Glassma11 et al. (1981) demonstrated predictable changes to the 
hean1ogran1s of American alligators infected with Aeromonas hydrophila. However, the 
usefulness of clinical pathology in Nile crocodiles is restricted by the lack of reference 
ranges for haematological and biochemical values. The limited studies to date have been 
on fanned Nile crocodiles, which due to their stressed metabolic state, do not necessarily 
represent true normal values. 
The purpose of this study was to establish nmmal haematological and biochemical values 
for wild Nile crocodiles, to contribute towards the establishment of reference ranges for C. 
niloticus. Such ranges will make the interpretation of laboratory results easier, making 
clinical pathology a viable diagnostic tool for Nile crocodiles in both the zoo and the 
crocodile farm environment. The other application of this baseline data is for ecological 
monitoring. Crocodiles are te1minal predators, and as such m·e good indicators of the state 
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of their envirorunent. Consequently the crocodile is an ideal species to study to assess the 
ecology of a system. As so little is known about wild crocodile physiology at this stage, a 
certain amount of baseline data is essential for future comparisons. 
Study site 
Botswana' s Okavango Delta, the world's biggest RAMSAR site, is a massive wetland 
within the Kalahari Desert, covering an area of approximately 16 000 km2 in the dry 
season, and increasing to over 22 000 km2 with the annual flood. The 111 250 km2 active 
catchment area falls entirely within Angola. Due to the geology of the catchment, the 
incoming water is low in nutrients and sediment. (Mendelsohn and Obeid, 2004). 
The Okavango River flows through Namibia briefly before entering Botswana and forming 
a broad floodplain, the Panhandle. An estimated 40 % of incoming water leaks into the 
surrounding swamps by the time the river leaves the Panhandle. The remaining 60 % is 
distributed down three main channels, which fan out to form the Delta. The Okavango 
Delta consists of permanent and seasonal swamp, which is inundated during the annual 
flood. 
The northern part of the Delta is characterized by shallow water, flooded grasslands, ox-
bow lakes and lagoons mostly interconnected by narrow waterways. Only a few main 
channels lined by tall reeds (mainly Phragmites australis), carry the remainder of the 
Okavango's water southwards through the Delta. The pern1anent and seasonal swamp, 
together form a unique ecosystem, providing high quality habitat for a great many species. 
As a keystone species, the Nile crocodile helps maintain the fragile balance within this 
ecosystem. Crocodiles are unevenly distributed throughout the Delta, with the majority of 
the breeding population occuning in the 120 km long Panhandle. 
Study Animal 
The Nile crocodile, Crocodylus niloticus, is the most widespread and abundant of the three 
crocodile species that occur in Africa. It occurs throughout the continent south of the 
Sahara, in a variety of wetland habitats, including coastal areas (Taplin and Loveridge, 
1988). Historically its distribution in southern Africa extended down the east coast as far as 
the Kei River. 
The Nile crocodile is dark olive to brown, with a light yellow abdomen. Being reptiles, 
they are ectothemuc and regulate their body temperature behaviourally, by moving 
between sun-exposed sandbanks and the water. Typical adult lengths are around 3.5 m, but 
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they can grow up to 5 m (Groombridge, 1987). Sexual maturity is reached from 2.9 m total 
length for males, and 2.2 m for females (Cott, 1961). Nesting occurs in a hole in the 
ground, where an average of 50 eggs are laid. Nile crocodiles exhibit temperature-
dependent sex determination (Leslie, 1997; Hutton, 1987). Hatchlings emerge after an 
incubation period of approximately 90 days, in early to mid summer, and parental 
protection occurs (Pooley and Gans, 1976; Pooley, 1977). There is a very high mortality 
rate in their first year of life due to predation. 
Materials and Methods 
Capture method 
Crocodiles were captured in the Panhandle of the Okavango during summer (February 
2005). Capture was carried out at night, using a 4.8 m flat bottomed aluminium boat 
propelled by a 60 hp engine. Crocodiles were located using a 500 000 candle power spot-
light which, once shone into the crocodile's eyes, reflected back a red glow due to the 
presence of a retinal tapetum lucidum. Once spotted, the beam of light was kept focused on 
the crocodile ' s eyes, making it possible to approach the animal by boat. Crocodiles 
estimated to be smaller than 1.2 m total length (TL) were captured by hand. Crocodiles 
between 1.2 m and 2.3 m were captured using a swivelling noose (Animal Handling Co.) 
which was placed over the snout and pulled tight in the neck region. Crocodiles were then 
brought onto the boat, jaws were taped shut and the animals were physically restrained. 
Animals larger than 2.3 m were captured using a noose attached to a climbing rope, which 
was secured to the boat. The crocodile was allowed to swim so as to tire it out before it was 
brought onto the boat. 
Blood collection and biological measurements 
Each crocodile was blindfolded and restrained in ventral recumbency. Fifty tlu·ee animals 
were randomly selected for blood collection. Blood was collected from the post occipital 
sinus (Campbell, 1996), on the dorsal midline and just caudal to the base of the head. A 21 
G or 23 G needle and a three, five or 10 ml syringe was used, depending on the size of the 
crocodile, and the blood was transferred directly into a lithium heparin blood tube. Blood 
smears were made from whole blood using the cover slip method (Jain, 1986). 
Following blood collection the crocodile was measured: total length (TL) and snout-to-
vent length (SVL) were recorded using a flexible measuring tape (±1 mm), and weighed 
using a harness around the forelimbs and a Pesola spring balance. Each crocodile was 
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sexed by cloacal examination of the cliteropenis (Hutton, 1987; Leslie, 1997), and 
examined for clinical abnmmalities including bite wounds, skin lesions, conjunctivitis, and 
poor condition. 
Haematology 
On return to the field laboratory 1.0 ml of blood was transferred to an Epindorf tube for 
haematological analysis. The remaining blood was centrifuged using a manual desktop 
centrifuge, and plasma decanted and frozen for biochemistry. If the volume of the blood 
sample was small it was allocated for either heamatological or biochemical analysis, but 
not both. Haematological analysis was performed on 39 samples. 
Packed cell volumes (PCV) were determined using a Statspin MP microhaematocrit 
centrifuge: blood was drawn into a standard microhaematocrit tube and spun for five 
minutes at 12 000 G. 
Total red cell counts (RCC) were perfom1ed both manually and automatically using an 
electronic pa1iicle cotmter. The automated counts were done by a Beckman Coulter Ac*T 
Series haematology analyzer (Coulter SA). The manual counts were done using Natt and 
Herrick's solution. A 1:200 dilution was made by drawing blood up to the 0.5 mark on a 
red blood cell diluting pipette, then filling the pipette to the 101 mark with Natt and 
Herrick's solution (Campbell, 1996). The diluted blood was then used to charge both 
counting chan1bers of an improved Neubauer haemocytometer (Hawksley and Sons, 
Lancing, UK). After 5 minutes in a damp chamber the red cells were counted in the 4 
corner cells and central cell of the central large square of the counting chamber. This was 
repeated on the second chamber, and the average multiplied by 10 000 to obtain the total 
red cell count per microliter. 
Haemoglobin concentration (Hb) was determined using a Beckman Coulter Ac*T Series 
haematology analyzer (Coulter SA). 
Red blood cell indices were calculated using standard fornmlas (Jain, 1986): 
Mean corpuscular volun1e: MCV (fl) = PCV IRCC 
Mean corpuscular haemoglobin: MCH (pg) = Hb (gldl) x 10 I RCC 
Mean corpuscular haemoglobin concentration: MCHC (gldl) = Hb (gldl) I PCV 
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Total white cell counts (WBC) were obtained indirectly using the Unopette 5877 system 
(Becton-Dickinson, USA). The Unopette pipette was filled with blood (25!-ll) and mixed 
with the phloxine B diluent in the reservoir. From this both counting chambers of an 
improved Neubauer haemocytometer were charged. After 5 minutes in a damp chan1ber all 
the pink staining granulocytes were cow1ted in both chambers. 
Blood smears were stained with Diff-Quick stain (American Scientific Products, Illinois, 
USA), (Campbell , 1995). Differential leukocyte counts were done on the stained smears. 
The percentage of heterophils and eosinophils was calculated and used to calculate total 
WBC (Campbell, 1996): 
Total WBC/!ll = stained cells cotmted in chambers x 1.1 x 16 x 100 
percentage heterophils and eosinophils. 
Thrombocytes were not counted. If included in a percentage differential count it tends to 
upset the other values. 
The prevalence ofhaemoparasites was detennined on the Diff-Quick stained blood smears. 
Biochemistry 
Epindorf tubes containing plasma were stored at -10 °C in a domestic gas freezer for up to 
one month. On return from the study site 35 samples were submitted to the laboratory 1• 
Biochemical analyses were perforn1ed on a Next/Vetex Alfa Wassennann Analyser (Alfa 
Wassermann B.V., Woerden, The Netherlands). Total protein was determined by a 
modified Wechselbaums bimet method and albumin by the bromocresol green method. 
Globulin and albumin:globulin ratio were calculated. Creatinine was detennined by the 
picrate method, total calciwn by the Arsenazo method, and glucose by the glucose oxidase 
method. Cholesterol was determined by enzymatic methods. Magnesium was measmed by 
the zylidyl blue method, and mic acid by the uricase method. 
Alkaline phosphatase (ALP), alanine aminotranferase (AL T) and aspartate 
aminotransferase (AST) were detern1ined by optimized versions of the standard IFCC 
methods. 
1 Clinical Pathology Laborat01y, Onderstepoort Veterinruy Academic Hospital. 
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Sodium, Potassium, Chloride and ionised Calcium were measured using an 865 pH/Blood 
Gas Analyser (Chiron Diagnostics Limited, Halstead), by means of ion selective 
electrodes. 
Statistical analysis 
All values were analyzed for significant differences (p < 0.05) between sexes and between 
size classes by one way analysis of variance (ANOVA). The residuals were checked for 
normality of distribution with normal probability plots. Where data was not nonnally 
distributed, significance was tested by a Mann-Whitney test (gender comparison), and by a 
non-parametric Kruskall-Wallis test (size comparison). 
Results 
Haematology 
One specimen had a severely elevated WBC (60.90 x 103/1-1.1), 5.4 times the mean and was 
excluded from the following results. This crocodile was not identified as sick on clinical 
examination, nor did its length to weight ratio (1.40) differ from the mean of its size class 
(1.44). The remaining 38 specimens used for haematology originated from crocodiles 
ranging in total length from 557- 1930 mm, with a mean TL of 879 mm, and a mean SVL 
of426 mm. 
The haematology results are shown in Table 2.2. The mean packed cell volume was 17.9 
%. There was no difference between the mean RCC obtained from the manual and 
automated counts (0.59 x 1061~-~.I) . The mean erythrocyte indices were 312.2 fl, 123 .2 pg 
and 39.6 g/dl for MCV, MCH and MCHC respectively. The mean WBC was 11 .28 x1 03/1-1.1 
with a range of3.75- 26.22 x 103/1-1.1. The differential count mean values were heterophils 
20.5 %, lymphocytes 62.0 %, monocytes 0.9 %, eosinophils 4.9 %, basophils 5.9 %, and 
azurophils 5.1 %. The differential count includes azurophils . The exact nature of 
azurophils in reptiles is uncertain (Waters, 1999) and the existence of azurophils m 
crocodilians is controversial (Mateo et al. , 1983). However, we found a line of cells 
distinct from monocytes that we could not classify except in their own category. 
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Table 2.2 : Nonnal haematological values of Okavango Nile 
crocodiles (n=38) 
Parameter Mean SD Range 
Total length (mm) 879.0 557-1930 
Snout-vent length (mm) 426.0 255-1015 
Mass (g) 2879.2 240-25000 
PCV(%) 17.9 ± 2.0 14-22 
RCC (x 106 1).!1) 0.59 ± 0.12 0.35-1.00 
Hb (gldl) 7.11 ± 1.00 4.7-9.5 
MCV (fl) 312.2 ± 60.6 200.0-465 .1 
MCH (pg) 123.2 ± 25.1 83.8-220.9 
MCHC (gldl) 39.6 ± 3.3 29.0-47.5 
WBC (x1 031).!1) 11.28 ± 4.74 3.75-26.22 
Heterophils % 20.5 ± 8.7 4-39 
Lymphocytes % 62.0 ± 11.3 44-85 
Monocytes% 0.9 ± 1.8 0-10 
Eosinophils% 4.9 ± 4.8 0-17 
Basophils % 5.9 ± 4.5 0-16 
Azurophils % 5.1 ± 4.5 0-21 
Heterophils (x1 031).!1) 2.09 ± 0.75 0.45-3.66 
Lymphocytes (x103l~d) 7.20 ± 3.80 1.65-17.83 
Monocytes ( x 1 03 I ).!1) 0.09 ± 0.18 0.0-0.79 
Eosinophils (x1 031).!1) 0.53 ± 0.56 0.0-2.14 
Basophils (x1031).!1) 0.69 ± 0.66 0.0-2.90 
Azurophils ( x 1 03 I ).!1) 0.60 ± 0.74 0.0-3.93 
Table 2.3 compares the haematological values of the males and females. The sex ratio was 
unequal, with 27 males and 9 females. There was a significant difference (p < 0.05) in the 
mean RCC between the sexes. Males had 0.57 x 106 erythrocytesl ).!l , and females 0.66 x 
1061).!1. Males had a Hb of 6.90 gldl, significantly less than females at 7.77 gldl. The 
eosinophil percentage and count also differed significantly. Males had 3.8 % and 0.42 x 
103 eosinophilsl).!l, less than half that of females at 9.1 % and 0.97 x 103 eosinophilsl).!l. 
Other parameters did not differ significantly. 
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Table 2.3: Haematology: comparison of male and female Okavango Nile crocodiles. 
(Mean values in bold differed significantly between males and females.) 
Parameter Males (n=27) Females (n=9) 
Mean ±SD Range Mean ±SD Range 
PCV (%) 17.7 ± 1.9 14-22 19.0 ± 2.1 16-22 
RCC (x 106/~tl) 0.57 ± 0.10 0.39-0.74 0.66 ± 0.15 0.43-0.72 
Hb (g/dl) 6.90 ± 0.85 4.7-8.2 7.77 ± 1.23 6.0-9.5 
31 
MCV (fl) 319.8 ± 57 .9 2[6.2-461.5 298.4 ± 72.4 200.0-465.1 
MCH(pg) 124.3 ± 20.4 83.8-182.1 122.6 ± 39.0 89.0-220.9 
MCHC (g/dl) 39.1 ± 3.3 29.0-45.0 40.8 ± 3.4 37.2-47.5 
WBC (x103/f.ll) 11.31 ± 5.02 6.13-26.22 10.95 ± 3.63 3.75-15.53 
Heterophils % 20.6 ± 9.1 4-39 19.4 ± 7.0 13-35 
Lymphocytes % 63.0 ± 11.3 39-85 58.2 ± 11.7 45-72 
Monocytes% 1.0 ± 2.1 0-10 0.7 ± 0.9 0-2 
Eosinophils% 3.8 ± 3.9 0-17 9.1 ± 5.4 2-16 
Basophils% 5.4 ± 4.0 0-15 7.7 ± 6.1 0-16 
Azurophils % 5.3 ± 5.0 0-21 4.6 ± 2.9 0-8 
Heterophils (x103/f.Ll) 2 .10 ± 0.97 0.45-3.66 1.96 ± 0.54 1.33-2.92 
Lymphocytes (x103/f.ll) 7.31 ± 4.30 3.3-17.83 6.59 ± 2.82 1.65-10.02 
Monocytes (x 1 03/f.ll) 0.10 ± 0.20 0.0-0.79 0.07 ± 0.08 0.0-0.19 
Eosinopbils (x103/f.Ll) 0.42 ± 0.46 0.0-2.14 0.97 ± 0.66 0.0-1.87 
Basopbils (x103/ f.Ll) 0.64 ± 0.63 0.0-2.90 0.86 ± 0.79 0.0-2.49 
Azuropbils (xi 03/ f.ll) 0.63 ± 0.82 0.0-3 .93 0.47 ± 0.32 0.0-0.99 
Table 2.4 compares the haematological values of the different size classes. The size classes 
were detemlined by SVL: yearlings 170-389 mm, juveniles 390-663 mm and subadults 
664-1158 mm. The sample size in each size class was not equal, there being 22 yearlings, 
11 juveniles and only 5 subadults. There were a number of significant differences 
(p < 0.05). The mean PCV of the yearlings was lower than the subadults (17.3% compared 
to 20.2 %). Hb was lower in yearlings (6.73 g/dl) and juveniles (7.16 g/dl) than in 
subadults (8.62 g/dl). Eosinophil percentage of both yearlings (2.8 %) and juveniles (5.9 
%) was lower than that of subadults (12 %) and the eosinophil count differed significantly 
between all three size classes (yearlings 0.27 x 103 /f.ll , juveniles 0.68 x 103 /f.ll, subadults 
1.35 x 103 /J.ll). Basophil percentage of yearlings (4.4 %) and juveniles (6.1 %) differed 
from subadults (12.0 %) and the basophil count differed between yearlings and subadults. 
Haemogregarine parasites were present in 21 out of 38 specimens (55.3%). There was no 
significant difference between the mean packed cell volume of the infected group at 18.2 
%, compared to 17.6% in the uninfected group. The mean SVL of the infected crocodiles 
was 463 mm compared to 3 82 1mn for the uninfected crocodiles. 
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Table 2.4: Haematology: comparison of different size classes. 
(SVL: yearlings: 170-389 mm, juveniles: 390-663 rnm, subadults: 664-1158 rnm) 
Parameter Yearlings (n=22) Juveniles(n=ll) Subadults (n=5) 
Mean SD Range Mean so Range Mean SD Range 
PCV (%) 17.3 1.8 14-21 18.2 1.5 16-22 20.2 2.0 17-22 
RCC (x 106/fll) 0.58 0.11 0.35-0.74 0.58 0.06 0.47-0.66 0.70 0.21 0.61-1 .00 
Hb (g/dl) 6.73 0.83 4.7-8.2 7.16 0.67 6.0-8.6 8.62 0.90 7.1-9.5 
MCV (fl) 311.0 62.3 216.2-461.5 315.3 41.0 242.4-383.0 311 .0 96.4 200.0-465.1 
MCH (pg) 120.1 2 1.5 83 .8-182.1 124.2 16.2 90.9-149.0 134.2 50.4 89.0-220.9 
MCHC (g/dl) 38.9 3.6 29.0-45.0 39.4 1.6 37.2-42.2 42.8 3.2 39.5-47.5 
WBC (x103/!ll) 10. 12 3.63 6.13-19.61 13.53 6.61 3.75-26.22 11.45 2.83 7.84-15.53 
Heterophils% 22.0 9.0 4-39 19.4 9.3 8-35 16.8 4.8 13-25 
Lymphocytes% 64.1 10.8 49-85 61.9 12.6 39-83 53.0 6.4 45-58 
Monocytes% 1.2 2.2 0-10 0.4 0.9 0-3 0.6 0.9 0-2 
Eosinophi1s% 2.8 3.1 0-11 5.9 4.9 1-17 12.0 3.7 7-16 
Basopltils% 4.4 .., .., 0-13 6.1 4.6 1-15 12.0 4.2 7-16 .) . .) 
Azurophils % 5.0 5.0 0-21 5.1 4.6 0-15 5.2 2.2 3-8 
Heterophils (x1 03/!ll) 2.11 0.85 0.45-3.66 2.14 0.67 1.31-3.43 1.87 0.47 1.33-2.59 
Lymphocytes (xI 03/!ll) 6.64 3.08 3.30-14.71 8.79 5.25 1.65-17.83 6.19 2.11 3.53-9.01 
Monocytes (xl03/fll) 0.10 0.17 0.0-0.70 0.09 0.24 0.0-0.79 0.06 0.08 0.0-0.16 
Eosinophils (xi 03/!ll) 0.27 0.34 0.0-1.41 0.68 0.57 0.20-2.14 1.35 0.42 0.72-1.87 
Basophils (x 1 03/!li) 0.45 0.36 0.0-1.24 0.85 0.86 0.15-2.9 1.38 0.68 0.87-2.49 
Azurophils (x103/!ll) 0.51 0.52 0.0-1.92 0.81 1.18 0.0-3.93 0.56 0.20 0.37-0.89 
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Biochemistry 
The 35 specimens that underwent biochemical analysis originated from crocodiles which 
ranged from 593-1930 mm TL, with a mean of916 mm, and a mean SVL of 449 mm. 
The results of the biochemistry are shown in Table 2.5. Mean total protein, albumin and 
globulin were 41.2, 14.7, and 26.5 g/1 respectively. ALT, ALP and AST were 43 .9, 21.1 
and 66.5 U/1 respectively. Mean Glucose was 3.8 mmol/1, sodium was 147.9 nunol/1 and 
potassium was 4.88 mmol/1. Mean ionized calcium and total calcium were 1.35 mmol/1 
and 2.73 mmol/1 respectively. Mean magnesium was 1.15 mmol/1 , cholesterol 5.49 mmol/1 , 
and creatinine 34.0 ~Lmol/1. Mean chloride was 120.3 mmol/1, and mean uric acid 0.12 
mmol/1. 
Table 2.5: Nom1al biochemical values of Okavango Nile 
crocodiles. (n=35) 
Parameter Mean SD Range 
Total length (mm) 916.0 593-1930 
Mass (g) 3208.0 305-25000 
Total protein (g/1) 41.2 28 .9-57.1 
Alb (g/1) 14.7 ± 1.8 11.1-19.4 
Glob (g/1) 26.5 ± 6.8 16.5-42.6 
A:G ratio 0.58 ± 0.12 0.34-0.79 
ALT (U/1) 43.9 ± 13.1 15-63 
ALP (U/1) 21.1 ± 13 .7 3-72 
AST (U/1) 66.5 ± 56.4 14-211 
Glue (mmol/1) 3.8 ± 0.5 1.8-4.8 
Na (mmol/1) 147.9 ± 8.3 122-164 
K (mmol/1) 4.88 ± 1.03 3.30-7.65 
Ca Total (mmol/1) 2.73 ± 0.19 2.34-3 .15 
Ca2+ (nunol/1) 1.35 ± 0.12 1.08-1.61 
Mg (mmol/1) 1.15 ± 0.26 0.65-1.72 
Chol (mmol/1) 5.49 ± 2.08 0.0-9.86 
Creat (~mol/1) 34.0 ± 10.2 17-56 
Cl (mmol/1) 120.3 ± 9.6 97-135 
UA (mmol/1) 0.12 ± 0.05 0.04-0.30 
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Table 2.6 is a comparison between males and females. The sex distribution was not equal, 
with 27 males and eight females. Mean total protein of males was significantly lower than 
that of females (39.82 g/1 compared to 45.83 g/1), and the albumin:globulin ratio in males 
was higher than females (0.61 compared to 0.47). Potassium was significantly lower in 
males (4.65 nm1ol/l) than females (5.68 mmol/1). The other paran1eters showed no 
significant differences between the sexes. 
Table 2.6: Biochemistry: comparison of male and female Okavango Nile crocodiles. 
(Mean values in bold differed significantly between males and females) 
Parameter Males (n= 27) Females (n=8) 
Mean ±SD Range Mean ±SD Range 
Tot protein (g/1) 39.82 ± 6.18 28.9-52.8 45.83 ± 10.37 33.8-57.1 
Alb (g/1) 14.84 ± 1.77 11.9-19.4 14.09 ± 1.70 11.1-15.1 
Glob (g/1) 24.99 ± 5.20 16.5-36.6 31.78 ± 9.20 22.1-42.6 
A:G ratio 0.61 ± 0.11 0.43-0.79 0.47 ± 0.11 0.34-0.61 
ALT (U/1) 45.2 ± 12.14 23-69 39.3 ± 16.14 15-63 
ALP (U/1) 22.7 ± 14.34 3-72 16.0 ± 10.42 3-32 
AST (U/1) 57.4 ± 50.35 14-189 97.3 ± 67.95 14-211 
Glue (nunol/1) 3.87 ± 0.60 3.4-4.8 3.71 ± 0.29 3.3-4.1 
Na (mmol/1) 146.79 ± 7.28 143-158 151.80 ± 10.80 129-164 
K (mmolll) 4.65 ± 0.82 3.30-6.55 5.68 ± 1.31 4.21-7.65 
Ca Total (mmol/1) 2.72 ± 0.17 2.38-3.05 2.78 ± 0.26 2.34-3.15 
Ca2+ (mmol/1) 1.37 ± 0.11 1.15-1.61 1.29 ± 0.15 1.08-1.45 
Mg (mmolll) 1.17 ± 0.25 0.65-1.72 1.09 ± 0.27 0.73-1.55 
Chol (nunolll) 5.67 ± 2.03 0-8.69 4.88 ± 2.24 2.88-9.86 
Creat (~-tmol/1) 34.00 ± 10.98 17-56 34.13 ± 7.32 21-46 
Cl (nunol/1) 120.70 ± 9.30 97-135 119.14 ± 11.39 107-133 
UA (nm101/1) 0.13 ± 0.05 0.04-0.18 0.11 ± 0.04 0.05-0.15 
Table 2.7 compares the biochemical values of the different size classes. The distribution 
between the size classes was not equal, with 17 yearlings, 13 juveniles and only five 
subadults. 
Mean total protein of yearlings (37.73 g/1) and juveniles (41.41 g/1) were both significantly 
lower than subadults (52.42 g/1). Mean globulin of yearlings (23.34 g/1) and juveniles 
(26.62 g/dl) were both lower than subadults (37.24 g/dl). A:G ratio was significantly higher 
in yearlings and juveniles compared to subadults. AST of yearlings was significantly lower 
than that of subadults (36.59 U/1 compared to 135.0 U/1). Glucose was higher in yearlings 
(4.12 mmol/1) than in juveniles (3.54 mmol/1). Sodium in yearlings (146.17 mmol/1) was 
significantly lower than in subadults (156.88 mmol/1). Potassium was significantly lower in 
both yearlings (4.44 mmol/1) and juveniles (4.92 mmol/1) than in subadults (6.30 mmol/1). 
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Table 2.7: Biochemistry: comparison of different size classes. 
(SVL: Yearlings: 170-389 mm, juvenile: 390-663 mm, subadults: 664-1158 mm) 
Parameter Yearlings (n=l7) Juveniles(n=13) Subadults (n=S) 
Mean SD Range Mean SD Range Mean SD Range 
Tot protein (g/1) 37.73 6.05 28.9-52.8 41.41 5.63 33.4-52.5 52.42 6.51 41.4-57.1 
Alb (g/1) 14.42 1.75 11.9-17.4 14.79 2.09 11.1-19.4 15.18 0.64 14.3-15 .9 
Glob (g/1) 23.34 4.73 16.5-36.4 26.62 4.84 19.5-36.6 37.24 6.95 25.7-42.6 
A:G ratio 0.63 0.09 0.45-0.79 0.57 0.12 0.43-0.77 0.42 0.11 0.34-0.61 
ALT(U/1) 45.35 10.62 26-63 45.54 14.20 23-69 34.40 16.80 15-54 
ALP (U/1) 20.82 11.59 3-54 22.3 1 17.56 5-72 19.20 11.08 3-32 
AST(U/1) 36.59 33.67 14-149 79.23 55.87 14-189 135.00 54.05 59-211 
Glue (mmol/1) 4.12 0.37 3.4-4.8 3.54 0.64 1.8-4.5 3.60 0.29 3.3-4.0 
Na (mmol/1) 146.17 4.47 137.9-157.0 146.8 1 10.79 122.0-158.0 156.88 6.39 148.0-164.0 
K (mmol/1) 4.44 0.73 3.30-5.96 4.92 0.80 3.89-6.55 6.30 1.28 4.21-7.65 
CaTotal (mmol/1) 2.69 0.16 2.38-2.90 2.74 0.20 2.34-3.05 2.86 0.24 2.63-3.15 
Ca2+ (mmol/1) 1.33 0.09 1.14-1.49 1.39 0.14 1.15-1.61 1.31 0.16 1.08-1.44 
Mg(mmol/1) 1.10 0.26 0.65-1.72 1.19 0.28 0.73-1.57 1.24 0.19 1.03-1 .55 
Chol (mmol/1) 6.36 2.40 0.00-9.86 4.74 1.42 2.88-7.80 4.47 1.07 2.91-5.49 
Creat (l!mol/1) 31.82 11.16 17-50 36.77 10.30 19-56 34.40 3.91 29-40 
C1 (mmol/1) 122.71 6.19 112-135 118. 17 12. 19 97-133 118.50 11.68 107-130 
UA (mmol/1) 0.13 0.04 0.05-0.20 0.12 0.07 0.04-0.30 0.09 O.ol 0.08-0.10 
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Table 2.8 is a comparison of the results to this study to those previously reported from 
farmed Nile crocodiles. The packed cell volume of the Okavango population was 
substantially lower than that reported from farmed Nile crocodiles 
Table 2.8: Haematology: comparison of wild and farmed Nile crocodiles. 
Thurman 
This study MaJ<jnde et al 1991 Foggin 19871 1990 
Mean 
Parameter Mean Rartg_e Mean Range (n=44) Mean Range (n=5) 
PCV (%) 17.9 14-22 27.2 24-31 22 13-27 
RCC (x10to6/!ll) 0.59 0.35-1.00 0.92 0.6-1.31 
Hb (g/dl) 7.11 4.7-9.5 8.7 7.8-9 .5 7.4 6.4-8.7 
MCV (fl) 312.2 200.0-465 .1 306.7 206.1-440.7 
MCH(pg) 123 .2 83 .8-220.9 97.9 65.3-153.3 
MCHC (g/dl) 39.6 29.0-47.5 31.9 29.0-38.3 
WBC (x 103/!ll) 11.28 3.75-26.22 6.4 4.0-11.5 
Heterophils % 20.5 4-39 13.4 6-20 50 
Lymphocytes % 62.0 44-85 82 .2 73-95 21 
Monocytes % 0.9 0-IO 2.5 1-7 5 
Eosinophils% 4.9 0-17 4.4 2-8 2 
Basophils% 5.9 0-16 22 
Azurophils% 5.1 0-21 
Heterophils (xl 03/!ll) 2.09 0.45-3 .66 
Lymphocytes 
(x l03/!ll) 7.20 1.65-17.83 
Monocytes (x103/!ll) 0.09 0-0.79 
Eosinophils (x 1 03/!ll) 0.53 0-2. 14 
Basophils (x 1 03/!ll) 0.69 0-2.90 
Azurophils (x 1 03/!ll) 0.60 0-3.93 
1 
n was not provided. 
Table 2.9 shows a comparison of haematological values from various other crocodilian 
species. In comparison to other crocodilian species, the values reported in this study are 
generally within the ranges recorded for other crocodilians 
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Table 2.9: Haematological values from various crocodilian species. 
Parameter C. niloticu/ C. rlwm2 C. poro3 C.poro4 C. jolm 5 A. mississip6 
mean range 
PCV (%) 17.9 14-22 23.6-25.8 20-22 17-41 18-21 
RCC (x106/Jll) 0.59 0.35-1.00 0.86-0.98 0.6-1.3 0.71 -0.93 
Hb (g/dl) 7.1 1 4.7-9.5 8.1-8.9 6.2-7.7 4.7- 12.2 5.7-7.5 
MCV (fl) 312.2 200.0-465.1 240-31 1 
MCH(pg) 123 .2 83.8-220.9 72-92 
MCHC (g/dl) 39.6 29.0-47.5 26.1 -31.9 
WBC (x 103/Jl l) 11.28 3.75-26.22 39.6-44.2 6.4-25.7 26.4-48.8 
WBC (x i 03/Jl l) 5.339 
Heteropbils% 20.5 4-39 
Lymphocytes % 62.0 44-85 
Monocytes% 0.9 0-10 
Eosinophils% 4.9 0-17 
BasophiJs% 5.9 0-1 6 
Azuropbils% 5.1 0-21 
Heteropbils (xI 03/Jl l) 2.09 0.45-3.66 3.089 0.8-7.4 
Lymphocytes (xi 03/Jll) 7.20 1.65-17.83 1.699 4.5-21.6 
Monocytes (x 1 03/Jll) 0.09 0.0-0.79 0.059 0.0-1.2 
Eosinophils (xI 03/Jll) 0.53 0.0-2.14 0.359 0.0-0.7 
Basophils (x I 03/Jll) 0.69 0.0-2.90 0.159 0.0-0.4 
Azurophils (x 1 03/Jll) 0.60 0.0-3.93 
-
-C. ntlot1cus. Th1s study (means), C. rhombifer. Cannena-Suero et al., 1979, n- 19, subadults (range of means), 
3 C. porosus: Canfield, 1985, n=4, subadults (ranges); 4 C. porosus: Millan et al. , 1997, n=29, yearlings (ranges); 
18.6 
0.4 
7.2 
516.0 
185.0 
36.1 
5.3 
6.47 
37.4, 54f 
50.6, 23 .97 
3.0, of 
5.5, 10.47 
3.5, 12f 
5 C. johns toni: Canfield, 1985, n=4, subadults (ranges); 6 A. mississippiensis: Glassman et al., 198 1, n=45 (means); 
7 A. mississippiensis: Mateo et al., 1984, n=35 (means); 8 C. pa/ustris: Stacey and Whitaker, 2000, n=24, juveniles (means); 
9 C. porosus: Turton et al., 1997, n= l40, hatchlings (means); 1° Caiman latirostris: Troiano et al., 1996 (means); 
11 Caiman crocodilus: Troiano et al., 1996 (means). 
C. palui Ca. lttti0 Ca. crocn 
24.9 22 27 
0.69 0.56 0.69 
8.3 9.4 12 
362.4 
120.7 
33.4 
8.7 1 22 .7 16.4 
" 5 ..) 
65 60 
5 5 
19 21 
1 0 
8 9 
5.6 
2.48 
0.09 
0.53 
0.0 1 
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Table 2.10 shows the reported biochemical values for Nile crocodiles from various other 
localities within southern Africa, and Table 2.11 shows reported biochemical values for 
other species of crocodilians. 
Table 2.10: Comparison of biochemical values from Nile crocodiles in various locations. 
Parameter Okavango1 KNP2 
mean range 
Tot prot. (g/1) 41.2 28.9-57.1 
Alb (gil) 14.7 11.1-19.4 9.8-16.38 
Glob (g/1) 26.5 16.5-42.6 30.7-47.35 
A:G ratio 0.58 0.34-0.79 
ALT (U/1) 43.9 15-63 
ALP (U/1) 21.1 3.-72 
AST (U/1) 66.5 14-211 
Glue (mmoVI) 3.8 1.8-4.8 3.2-11.45 
Na (mmoVl) 147.9 122-164 141.5-154.5 
K (nunoVl) 4.88 3.30-7.65 2.53-5.35 
Ca (mrnoVl) 2.73 2.34-3.15 2.6-3 .98 
Mg (nm10Vl) 1.15 0.65-1.72 1.51-2.24 
Chol (mmoVl) 5.49 0-9.86 
Creat (~moVl) 34.0 17-56 36.5-97.0 
Cl (mmolll) 120.3 97-135 88.5-120.5 
UA (mmoVl) 0.12 0.04-0.30 
1 This study, n=35 
2 Swannepoel et al., 2000, n=14 (range of means) 
3 Leslie, 1997, n=80 (range of means) 
4 Watson, 1990, n=5 (means± SD) 
5 Thwman, 1990, n=5 (means) 
6 Foggin, 1987, n =not provided (means). 
SA Zim 
St. Lucia3 SA captive4 farms5 farms6 
50 ± 3 50.2 53.0 
19.0 
31.0 
13.1 
64.2 
16.6 
5.9± 0.9 5.9 4.57 
141.8-160.7 154.0 ± 1.00 153.8 
3.2-5.8 3.8 ± 0.50 3.8 
2.97 ± 0.09 2.97 2.63 
0.9 ± 0.10 0.52 
35.8 ± 5.4 
86.0-118.6 
0.24 
Stellenbosch University  https://scholar.sun.ac.za
Table 2.11: Biochemical values from various crocodilian species. 
Parameter C. niloticus1 C.porosul C. palustri!? A. missisip. 4 T. scltlegelil 
mean range 
Total protein (g/1) 41.2 28.9-57.1 41-70 31.2 37.8 37 
Alb (g/1) 14.7 11.1-19.4 14-23 11.4 10.3 
Glob (g/1) 26.5 16.5-42.6 27-50 19.8 27.5 
A:G ratio 0.58 0.34-0.79 0.3-0.7 
ALT(U/1) 43.9 15-63 11-51 52.63 34.35 
ALP (U/1) 21.1 3.-72 31-180 52.75 22.82 17.8 
AST (U/1) 66.5 14-211 23-157 52.13 141.42 
Glue (mmol/1) 3.8 1.8-4.8 4.5-12.1 3.63 3.6 4.2 
Na (mmol/1) 147.9 122-164 143-161 143.17 140.99 155.9 
K (mmol/L) 4.88 3.30-7.65 3.8-7.2 8.0 5.93 4.4 
Ca (mmol/1) 2.73 2.34-3.15 2.41-3.45 3.18 2.31 2.55 
Mg (mmol/1) 1.15 0.65-1.72 0.8-1.4 
Chol (mmol/l) 5.49 0-9.86 1.1-7.2 6.4 1.71 2.86 
Creat ().J.mol/1) 34.0 17-56 20-51 35.4 13.26 18.6 
Cl (mmol/1) 120.3 97-135 88-127 119.71 112.1 120.0 
UA (mmol/1) 0.12 0.04-0.30 0.17-0.99 0.35 0.25 0.19 
1 This study; 2 Millan et al., 1997, n=120 (ranges); 3 Stacey and Whitaker, 2000, juveniles, n=24 (means); 
4 A. mississipiensis: Barnett et al. , 1998, wild alligators, n=24 (means); 5 Siruntawineti and Ratanakorn, 1994 (means); 
6 Troiano and Althaus, 1993 (means); 7 Sigler, 1991 (means); 8 Toum et at. , 1994. (mean). 
Ca. latirostril C. more/eti/ 
50.1 93.7 
24.2 
31.0 
5.72 2.97 
2.53 2.63 
6.08 
31.8 93.7 
0.49 
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Discussion 
Haematology 
The effect of gender and size, on haematological and biochemical values, has been studied 
in C. palustris (Stacey and Whitaker, 2000). There is no clear similarity between the 
parameters that differed in C. palustris compared to those that differed in C. niloticus. 
However, the environmental conditions in the two studies were not comparable: the C. 
palustris were captive specimens. 
In C. palustris eosinophils differed between size classes, but subadults had lower counts 
than the juveniles and adults. In the Nile crocodile we found an increasing eosinophil count 
with increasing size. Causes of an increased eosinophil count in reptiles include parasitic 
infection and non-specific inflammation (Campbell, 1996; Waters, 1999). 
The comparisons between genders and between size classes were done for interest, but 
were not the original intention of this study. The number of males and females were 
unequal, as were the number of crocodiles in each size class. The distribution of sexes 
between the size classes was also unequal. This made it impossible to eliminate the effect 
of gender when comparing size classes, and impossible to eliminate the effect of size when 
comparing genders. A future study will require a larger sample size in order to evaluate 
differences between genders and size classes more accurately. 
Comparison of our results with ranges reported previously from Nile crocodiles is difficult 
because of the limited data available. Likely causes of a low packed cell volume (PCV) 
include erythTo1ysis due to haemoparasites, or poor nutritional plane (Wilkinson, 2004; 
Waters, 1999), or poor collection technique. Over half of our specimens were infected with 
Hepatozoon pettiti. However, there was no significant difference in PCV between the 
infected and uninfected group. The nutritional plane of wild Okavango crocodiles is 
undoubtedly lower than that of fanned crocodiles, which frequently become obese. In a 
comparative study involving wild and farmed American alligators (A. mississippiensis) , the 
wild alligators were relatively anaemic, having a lower PCV of 24.44 %, compared to 
27.29 %, and a RCC of 0.42 x 106 IJ.ll compared to 0.47 x 106 IJ.ll in the farmed alligators 
(Barnett et al. , 1999). The wild alligators were transferred into captivity. Under captive 
conditions the alligators became less anaemic. 
The WBC of Nile crocodiles in Botswana was higher than that reported by Makin de and 
Alemu (1991). Causes of increased WBC include inflammatory response to microbial 
------
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infection, parasites, and non-specific inflanunation (Campbell, 1996; Waters, 1999). In 
some species of reptiles there is seasonal fluctuation (increase in summer) (Wilkinson, 
2004). 
Watson (1990) reported a very low mean WBC of 1.5 ± 0.4 x103 /111 from 5 captive Nile 
crocodiles. Leukopaenia may result from chronic stress. 
In comparison to other crocodilian species, the haematological values repmied in this study 
are generally within the ranges recorded for other crocodilians, although the mean PCV 
obtained in this study is lower than those reported for other species. The total leukocyte 
count varies widely between the species. 
Biochemistry 
Effect of gender and size on biochemical parameters again seems variable when compared 
to C. palustris (Stacey and Whitaker, 2000). Adult C. palustris had significantly lower 
AST than the smaller sizes. In contrast, we found AST of subadults was higher than that of 
yearlings. Both species showed increasing blood glucose with increasing size. Subadult C. 
palustris had lower potassium concentrations than adults and juveniles, while C. niloticus 
showed an increasing potassium concentration with increasing size. 
Previously reported biochemical values for Nile crocodiles are shown in Table 2.1 0. Total 
protein detennined in tllis study is lower than that reported in farmed Nile crocodiles, 
which may be caused by a lower nutritional plane, or parasitism (Campbell, 1996). Barnett 
et a!. (1998 and 1999) also found a significantly lower total protein in wild alligators 
compared to farmed alligators. Mean globulin concentration of the Okavango crocodiles 
was lower than that in Nile crocodiles in the Kruger National Park, while albun1in levels 
were similar (Swanepoel et al. , 2000). Tllis may reflect greater antigenic stimulation of the 
Kruger specimens (Campbell, 1996). 
Blood glucose is lower than that reported m both the farmed and other wild Nile 
crocodiles. Blood for glucose determination was not collected in fluoride tubes. This may 
result in lower readings. However, both total protein and glucose were within the ranges 
reported for certain other species (Table 2.11). Watson (1990) reported a very high mean 
cholesterol level (35.8 ± 5.4 1mnol/l) from five captive Nile crocodiles, but the value 
determined in this study was similar to that reported in other species. Cholesterol levels 
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can be influenced by the timing of blood collection relative to a meal. This is usually an 
unknown factor when collecting from wild crocodiles. 
There is considerable variation of both haematological and biochemical values between the 
different crocodilian species. Clearly a species specific reference range is essential in order 
to interpret clinical pathology results meaningfully. 
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CHAPTER3 
Normal Intestinal Flora of Wild Nile Crocodiles (Crocodylus niloticus), and the 
Development and Potential use of a Pro biotic in Farmed Crocodiles. 
Introduction 
47 
Due to the difficulty in obtaining biological specimens from wild crocodilians, very little is 
known about their nmmal intestinal flora. Huchze1meyer et al. (2000) reported on the GIT 
t1ora isolated from wild-caught African dwarf crocodiles (Osteolaemus tetraspis). 
Salmonellae isolated from wild Nile crocodiles from Lake Kariba (Madsen et al., 1998), 
and from wild American alligators (Scott and Foster, 1997) have also been documented. 
Other studies have dealt with captive crocodilians. Misra et al. (1993) reported the normal 
intestinal flora of captive gharials (Gavialis gangeticus). Prevalence of salmonellae has 
been studied in healthy captive crocodilians (Obwolo and Zwart, 1993, Manolis et al., 
1991). 
Farmed crocodile hatchlings often fail to develop a nmmal mixed intestinal flora 
(Huchzermeyer, 2003). In other species, the rapid establishment of bacterial communities 
of normal flora in the gastrointestinal tract (GIT) is thought to be essential for GIT 
homeostasis and the prevention of colonization by pathogenic bacteria (Dogi and Perdigon, 
2006; Nava et al., 2005). A deficient GIT flora is likely to be one of the factors 
predisposing farmed crocodiles to enteritis. Enteritis, and associated septicaemia, is one of 
the main causes of mortality in farmed crocodilians (Foggin, 1992a; Foggin, 1992b; 
Buenviaje et al., 1994). 
A pro biotic is a preparation of microorganisms, used to restore or modify the composition 
of the microflora of a compartment of the body. Probiotics are increasingly being used in 
intensive animal production systems to improve growth rate and reduce disease incidence 
in farmed animals. The exact mechanisms by which probiotic bacteria affect the 
microecology of the intestinal tract are not well understood, but at least three mechanisms 
of action have been proposed: (i) production of antibacterial substances, (ii) modulation of 
immune responses and (iii) specific competition for adhesion receptors to intestinal 
epithelium (Nava et al., 2005). The effects of probiotics have not been studied in reptiles. 
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In contrast, the benefits ofprobiotics in intensive poultry, pig and calf rearing systems have 
been demonstrated. For example, Timmetman et al. (2005) found a reduced incidence of 
diarrhoea, decreased mortalities and improved growth rate in veal calves receiving 
pro biotic supplementation. Zeyner and Boldt (2006) showed that daily intake of a pro biotic 
containing Enterococcus faecium, from birth to weaning, reduced the portion of piglets 
suffering from diaiThoea, and led to increased weight gains. Piglets receiving a probiotic 
have also been shown to develop a more abundant GIT flora (Shim et al., 2005). The 
ability of probiotics to reduce incidence of specific diseases has been documented, for 
example coccidiosis in poultry (Dalloul et al., 2005), and Lactococcus garvieae and 
Streptococcus iniae infection in rainbow trout (Brunt and Austin, 2005). 
Part 1 of this chapter is an investigation of the normal flora of the intestinal tract of wild 
Nile crocodiles in the Okavango Delta. Part 2 of tllis chapter is a pilot study regarding the 
development and application of a crocodile specific probiotic, based on the nom1al 
intestinal flora of wild Nile crocodiles. The purpose of this experiment was to detennine if 
there was a beneficial effect, in terms of growth rate and survival, from artificially creating 
a mixed intestinal flora by supplementing fanned hatchlings with a pro biotic. 
Study site 
Botswana's Okavango Delta, the world's biggest RAMSAR site, is a massive wetland 
within the Kalahari Desert, covering an area of approximately 16 000 km2 in the dry 
season, and increasing to over 22 000 km2 with the ammal flood. The 111 250 km2 active 
catchment area falls entirely witllin Angola. Due to the geology of the catchment, the 
incoming water is low in nutrients and sediment (Mendelsohn and Obeid, 2004). 
The Okavango River flows through Namibia briefly before entering Botswana and forming 
a broad floodplain, the Panhandle. An estimated 40 % of incoming water leaks into the 
surrotmding swamps by the time the river leaves the Panhandle. The remaining 60 % is 
distributed down three main cham1els, which fan out to form the Delta. The Okavango 
Delta consists of permanent and seasonal swamp, which is inundated during the am1ual 
flood. 
The northern part of the Delta is characterized by shallow water, flooded grasslands, ox-
bow lakes and lagoons mostly interconnected by narrow waterways. Only a few main 
channels lined by tall reeds (mainly Phragmites australis), carry the remainder of the 
Okavango's water southwards furough the Delta. The permanent and seasonal swamp, 
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together form a unique ecosystem, providing high quality habitat for a great many species. 
As a keystone species, the Nile crocodile helps maintain the fragile balance within this 
ecosystem. Crocodiles are unevenly distributed throughout the delta, with the majority of 
the breeding population occurring in the 120 km long Panhandle. 
The probiotic trial was carried out on the Krokovango crocodile farm at Samochima, 
Botswana. 
Study Animal 
The Nile crocodile, Crocodylus niloticus, is the most widespread and abundant of the three 
crocodile species that occur in Africa. It occurs throughout the continent south of the 
Sahara, in a variety of wetland habitats, including coastal areas (Taplin and Loveridge, 
1988). Historically its distribution in southern Africa extended down the east coast as far as 
the Kei River. 
The Nile crocodile is dark olive to brown, with a light yellow abdomen. Being reptiles, 
they are ectothermic and regulate their body temperature behaviourally, by moving 
between sun-exposed sandbanks and the water. Typical adult lengths are around 3.5 m, but 
they can grow up to 5 m (Groombridge, 1987). Sexual maturity is reached from 2.9 m total 
length for males, and 2.2 m for females (Cott, 1961). Nesting occurs in a hole in the 
grotmd, where an average of 50 eggs are laid. Nile crocodiles exhibit temperature-
dependent sex detennination (Leslie, 1997). Hatchlings emerge after an incubation period 
of approximately 90 days, in early to mid sununer, and parental protection occurs (Pooley 
and Gans, 1976; Pooley, 1977). There is a very high mortality rate in their first year of life 
due to predation. 
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Capture method 
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Crocodiles were captured in the Panhandle of the Okavango during summer (February 
2005). Capture was done at night, using a 4.8 m flat bottomed aluminium boat propelled by 
a 60 hp engine. Crocodiles were located using a 500 000 candle power spot-light which, 
once shone into the crocodile' s eyes, reflected back a red glow due to the presence of a 
retinal tapetum lucidum. Once spotted, the beam of light was kept focused on the 
crocodile ' s eyes, making it possible to approach the animal with the boat. Crocodiles 
estimated to be smaller than 1.2 m total length (TL) were captured by hand. Crocodiles 
between 1.2 m and 2.3 m were captured using a swivelling noose (Animal Handling Co.) 
which was placed over the snout and pulled tight in the neck region. Crocodiles were then 
brought onto the boat, jaws were taped shut and the animals were physically restrained. 
Animals larger than 2.3 m were captured using a noose attached to a climbing rope, which 
was secured to the boat. The crocodile was allowed to swim so as to tire it out before it was 
brought onto the boat. 
Sampling 
Twenty nine animals were randomly selected for cloacal swab collection. Each crocodile 
was blindfolded and restrained in dorsal recumbency. A cloacal swab was taken by 
inserting a sterile cotton swab (Transwab, Medical Wire & Equipment Co. Ltd., Corsham, 
England) into the cloaca to the depth of 50 - 100 mm, rotating the swab, withdrawing it 
and placing it directly into the sterile transpmi medium supplied. Following blood 
collection the crocodile was measured: total length (TL) and snout-to-vent length (SVL) 
were recorded using a flexible measuring tape (±1 mm), and weighed using a harness 
around the forelimbs and a Pesola spring balance. Each crocodile was sexed by cloacal 
examination of the cliteropenis (Hutton, 1987; Leslie, 1997), and examined for clinical 
abnormalities including bite wotmds, skin lesions, conjtmctivitis, and poor condition. 
(Refer to Chapter 4). 
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Isolation and identification procedures 
The cloacal swabs were stored at -10 °C in a domestic gas freezer for up to one month. On 
return from the study site, 29 swabs were submitted to the laboratory2• An aerobic bacterial 
culture and a fungal culture were performed as follows . Each cloacal swab was inoculated 
onto culture plates containing 5 % bovine blood and MacConkey agar no. 1 (Diagnostic 
Media Products, Sandringham, South Africa) and also on thiosulphate citrate bile salt 
sucrose (TCBS) agar, Mycosel agar, cornmeal agar and Rappaport Vassiliadis (RV) broth 
(the latter four all obtained from Selectamedia, Ferndale, South Africa). 
Anaerobic culture could not be attempted, as many anaerobes would not have survived the 
storage process. All the agar plates were aerobically cultured at 25 °C, but the RV broth 
was cultured at 37 octo improve selectivity for Salmonella isolation. The bacterial cultures 
were incubated for 72 hours before discarding, and the fungal cultures for 28 days before 
discarding. The RV broths were subcultured twice, after 24 hours and after 6 days of 
incubation, onto xylose lactose sodium desoxycholate (XLD) agar (Selectamedia). The 
XLD agars were cultured at 3 7 °C for 24 hours each time, and exan1ined for the presence 
of colonies resembling Salmonella. 
Each bacterial and ftmgal isolate was identified according to standard methods (Cowan, 
1974; Campbell and Stewart, 1980; Krieg and Holt, 1984; Sneath et al. , 1986; Rippon, 
1988). 
The bacterial strains that were isolated were lyophilized according to the working seed 
method (Balows et al. , 1991 ). Each isolate was inoculated onto blood tryptose agar (BTA) 
plates (Selectan1edia, Ferndale, RSA) to ensure pure cultures and incubated in a 
Gallenkamp incubator (Weiss Gallenkamp, UK) at 25 °C for 18-24 hours. After incubation 
culture purity was examined macroscopically by examining the colonies, and 
microscopically by examining a Gram smear (Balows et al. , 1991). Each pure culture was 
then inoculated in 200 ml liquid broth Biolab tryptone soya broth (TSB) 30 g/1, and 
incubated at 25 °C in a shaking incubator. The purity of each 200 ml inoculum was 
validated. This was done by inoculation of 10 !J.l of each culture which was streaked on a 
blood agar plate. A Gram smear was subsequently made of the culture. Each inocultill1 was 
then centrifuged at 3000 G for 15 minutes, and re-suspended in 20 ml of phosphate 
buffered saline (PBS) with 50 %buffered lactose peptone (BLP). A 2 ml aliquot of each 
isolate was transferred into a 7 ml glass vial and lyophilized in a Virtis Genesis 25XL 
2 Golden Vet Lab, Johannesbmg. 
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freeze dryer (Virtus, USA) at -20 °C for 24 homs, using the Virtis Wizard 2.0 software 
program. The glass vials were then sealed and labelled, and stored at 2-8 °C. 
Part 2 
Probiotic production 
In February 2006, fom of the bacterial strains were selected on the basis of their frequency 
of occunence in wild crocodile intestinal tracts. These were Enterococcus faecalis, 
Aeromonas hydrophila, Flavobacterium aquatile and Citrobacter koseri. Each isolate was 
resuspended and the incubation process described above was repeated in 2 litre Chemap 
fermenters. The suspension of each isolate was titrated by plate counts and the growth 
curve determined via spectrophotometry. 
After final concentration determination each isolate contained the following: 
E. faecalis = 2.3 x 1 09 cfu!ml 
C. koseri = 2.1 x 109 cfu!ml 
F. aquatile = 2.0 x 109 cfu!ml 
A. hydrophila = 1.8 x 108 cfu!ml 
A 2 ml aliquot of each isolate was lyophilized as described above, in 7 ml glass vials, 
sealed and labelled. 
Experimental design 
The probiotic experiment was initiated dming the fourth week of February 2006, on 
hatchlings on the Krokovango crocodile farm. One hundred one-month old farmed 
hatchlings were divided equally into a control and treatment group. Each of the four 
organisms were reconstituted with sterile PBS and mixed, to provide a total volume of 100 
mi. The hatchlings in the treatment group were dosed with 2 ml of probiotic on the first 
day, by passing a 1 ml insulin syringe into the oesophagus twice. Each hatchling was 
weighed and permanently identified by excising certain tail scutes in a coded sequence 
(Leslie, 1997). The controls received the same treatment, but, were dosed with sterile 
water. The following day the treatment was repeated, except that the probiotic excluded the 
C. koseri. This was unintentional: the second C. koseri vial was unfortunately destroyed 
dming transport. 
The two groups were then kept in two separate rearing pens, in the fatm' s hatchling 
hothouse. All further management was according to the farm's usual routine. 
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Approximately half of the area of each 7.5 m2 tiled rearing pen consisted of a shallow 
water bath. The water temperatme in the baths was generally maintained between 29-31 
°C. Heating was accomplished by running hot water through the submerged heating pipes. 
An exception occurred between June and August when the water temperature in the early 
moming dropped to approximately 26 °C. The hothouse was not completely enclosed, and 
the air temperatme in the house could not be controlled. 
The water was drained daily, and the pens cleaned. The smface was sprayed with F1 0 
(Health and Hygiene, South Africa) before the baths were re-filled with water pumped 
from the Okavango River. No disinfectants were added to the water. Nor did the hatchlings 
receive any antibiotic treatments. 
After three months the two groups were mixed together in one rearing pen. 
The hatchlings were fed daily, ad lib with a diet consisting of 50 %marine fish and 50% 
"concentrate", where the concentrate was fommlated as follows : 
Fish-meal: 50% 
Carcass-meal: 36.5% 
Precooked maize: 8 % 
Bone-meal: 2 % 
Trace element premix (Feedmix Pty Ltd, South Africa): 2 % 
Vitamin and amino acid supplement (Antec Intemational): 1.5 % 
Hatchlings were weighed five times at varying intervals over the following five and a half 
months. At the final weighing eight hatchlings were randomly selected and cloacal swabs 
collected from them. The swabs were placed on ice and submitted to the laboratory3 within 
48 homs for aerobic bacterial cultme. 
Isolation and identification procedures 
Each cloacal swab was inoculated onto cultme plates containing 5 % equine blood, 
MacConkey agar no. 1 and Rappaport Vassiliadis (RV) broth (Selectan1edia). All the agar 
plates were aerobically cultmed at 25 °C, but the RV broth was cultured at 37 °C to 
improve selectivity for Salmonella isolation. The bacterial cultmes were incubated for 72 
homs before discarding. The RV broths were subcultured after 24 homs onto XLD agar 
3 Gloden Vet Lab, Johannesburg. 
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(Selectamedia). The XLD agars were cultured at 37 °C for 24 hours and examined for the 
presence of colonies resembling Salmonella. 
Each bacterial isolate was identified according to standard methods. (Cowan, 1974; 
Campbell and Stewart, 1980; Krieg and Holt, 1984; Sneath et al. , 1986; Rippon, 1988). 
The Salmonella isolates were submitted to the Onderstepoort Veterinary Institute for 
typing. 
Statistical analysis 
The mass gains of the treatment and control groups were analyzed for significant 
difference by one way analysis of variance. The residuals were checked for nonnality of 
distribution with normal probability plots. If the residuals were found not to be normally 
distributed, significance was then tested by a Mann-Whitney test. Difference in mortality 
rate between the two groups was analyzed by the maximum-likelihood Chi-square test. 
Results 
Part 1 
The bacteria and fLmgi isolated from each wild specimen are presented in Table 3.1. In this 
table the bacteria and fungi are given in the order of frequency in which they were isolated 
from each cloacal swab, with the first named being the most frequent isolate. 
(i) Bacteria were cultured from all 29 specimens. There were a total of 79 isolations, and 
16 different species. The nun1ber of species cultured per specimen varied from one to four, 
with only two (6.9 %) specimens yielding a single species that could be cultured under the 
incubation conditions described. Eight crocodiles (27.6 %) had two isolates and 15 (51.7 
%) yielded three isolates. Four isolates were obtained from four crocodiles (13.8 %). The 
mean nun1ber of isolations per crocodile was 2.7. 
Table 3.2 shows the number of isolates of each bacterium, and the percentage of crocodiles 
carrying each species. The most commonly isolated species was Microbacterium, found in 
21 ofthe crocodiles (72.4 %), followed by Enterococcusfaecalis (14 isolates), Aeromonas 
hydro phi/a (1 0 isolates), and Escherichia coli (nine isolates). No salmonellae were 
cultured. 
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Table 3.1: Bacterial and fungal isolates from each cloacal swab from the 29 wild caught 
Nile crocodiles that were sampled. 
Animal Bacterial isolates Fungal isolates 
no. 
Enterococcus faecalis, Escherichia coli, Microbacterium, Proteus none 
vulgaris 
2 Aeromonas hydrophila, Microbacterium none 
3 Cytophaga succinicans, Flavobacterium aquatile, Microbacterium none 
4 Enterococcus faeca/is, Pseudomonas stutzeri, Microbacterium Penicillium 
5 Enterococcus faecalis, Microbacterium, Staphylococcus epidermidis, Chrysosporium 
Flavobacterium aquatile 
6 Escherichia coli, Enterococcus faecal is, Microbacterium Cladosporium 
7 Escherichia coli, Enterococcus faecalis, Microbacterium none 
8 Escherichia coli, Staphylococcus epidermidis, Microbacterium none 
9 Escherichia coli, Enterococcus faeca/is, Microbacterium, Enterobacter none 
intermedium 
10 
11 
12 
13 
14 
Enterobacter intermedium, Enterococcus faecalis, Microbacterium 
Aeromonas hydrophila, Flavobacterium aquatile, Cytophaga heparina 
Enterococcus faeca/is, Microbacterium, Cytophaga heparina 
Aeromonas hydrophila 
Escherichia coli, Microbacterium 
none 
Cladosporium 
Cladosporium 
Cladosporium 
Cladosporium, 
Penicillium 
15 Escherichia coli, Enterococcusfaecalis, Aeromonas hydrophila Cladosporium 
16 Microbacterium, Citrobacter koseri, Enterococcus faecalis Cladosporium 
17 Microbacterium, Enterococcus faecalis, Escherichia coli Trichoderma 
18 Microbacterium, Aeromonas hydrophila Cladosporium 
19 Citrobacter koseri, Enterococcus faecalis, Microbacterium, Aeromonas Chrysosporium 
hydrophila 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
Aeromonas hydrophila, Microbacterium 
Enterococcus faecalis, Aeromonas caviae 
Proteus mirabilis, Microbacterium, Enterococcus faecalis 
Aeromonas hydrophila, Microbacterium, Flavobacterium aquatile 
Microbacterium, Citrobacter koseri 
Bacillus subtilus, Aeromonas hydrophila, Cytophaga heparina 
Flavobacterium aquatile, Microbacterium, Escherichia coli 
Enterococcus avium 
Aeromonas hydrophila, Cytophaga heparina 
Cytophaga heparina, Citrobacter koseri 
none 
none 
Trichoderma 
none 
none 
Exophiala, 
Saprolegnia 
none 
none 
none 
none 
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Table 3.2: Number of isolates of each bacteriwn, and the percentage of 
wild crocodiles carrying each species. 
Bacteria No of isolates Percentage of crocodiles 
Aeromonas caviae 2 6.9% 
Aeromonas hydrophila 10 34.5% 
Bacillus subtilus 1 3.4% 
Citrobacter koseri 4 13 .8% 
Cytophaga heparina 4 13.8% 
Cytophaga succinicans 1 3.4% 
Escherichia coli 9 31.0% 
Enterobacter intermedium 2 6.9% 
Enterococcus avium 1 3.4% 
Enterococcus faecal is 14 48 .3% 
Flavobacterium aquatile 5 17.2% 
Microbacterium 21 72.4% 
Proteus mirabilis 1 3.4% 
Proteus vulgaris 1 3.4% 
Pseudomonas stutzeri 1 3.4% 
Staphylococcus epidermidis 2 6.9% 
56 
(ii) Fungi were isolated from 14 of the 29 crocodiles (48.3 %). There were 16 isolations, of 
six different species. Twelve crocodiles (41.4 %) yielded a single species, while just two 
crocodiles (6.9 %) yielded two species. 
Table 3.3 shows the number of isolates of each fungus, and the percentage of crocodiles 
carrying each fungus. The most commonly isolated species was Cladosporium, found in 
eight crocodiles (27.6 %). 
Table 3.3: Number of isolates of each fungus, and the percentage of 
crocodiles caiTying each fungus . 
Fungi No of isolates Percentage of crocodiles 
Chrysosporium 2 6.9% 
Cladosporium 8 27.6% 
Exophiala 1 3.4% 
Penicillium 2 6.9% 
Saprolegnia 1 3.4% 
Trichoderma 2 6.9% 
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Part2 
The mean crocodile mass and cumulative mortality rates at each weighing date are 
presented in Table 3.4, for both the treatment and control groups. 
Growth rate 
The growth rates of individual crocodiles in both groups were extremely variable. Over the 
5.5 month period, the total mass gain of the treatment hatchlings varied from 6 g - 806 g, 
and the controls varied from 1 g - 632 g. 
The mean mass at the beginning of the experiment was essentially the same in both groups 
(treatment group: 76.7 g; control group: 76.6 g). Mean mass gain between the groups 
remained similar for the first 5 weeks (treatment group 18.3 g; controls 18.6 g). Over the 
following six weeks the treatment group grew more slowly, gaining an average of 51 .6 g, 
while the controls gained an average of 95.0 g (Figure 3.1). During the next six weeks the 
growth rates were similar. However, the treatment group still grew slightly slower, gaining 
an average of 147.8 g, while the controls gained an average of 154.7 g. During the fmal 
two weeks of the experiment the mean mass of both groups decreased. The treatment 
group decreased by 5.1 g, while the control group decreased by 8.5 g. 
The final mean mass gain of the surviving crocodiles in the treatment group was 210.9 g, 
compared to 257.8 g for the controls. The surviving crocodiles in the treatment group 
ended with a mean mass of289.3 g, 14% lighter than the controls at 336.4 g. 
Table 3.4: Mean hatchling mass and cumulative mortality rate in treatment and control 
groups, at each weighing date. 
Treatment Group Control Group 
Mean mass± SD Cumulative Mean mass± SD Cumulative 
Date n (g) mortality rate (%) n (g) mortality rate(%) 
22-Feb 50 76.7 ± 8.9 0 50 76 .6 ± 7.7 0 
27-Feb 50 79.1 ± 10.5 0 50 75 .7 ± 11.0 0 
28-Mar 50 95.0 ± 43.0 0 50 95.2 ± 41.5 0 
12-May 50 146.6 ± 100.8 0 49 190.2 ± 133.3 2 
24-Jul 36 294.4 ± 246.7 28 37 344.9 ± 200.9 26 
6-Aug 35 289.3 ± 242.4 30 32 336.4 ± 187.6 36 
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58 
The survival rate over the first 11 weeks was excellent, with the loss of only one control 
crocodile. However, over the following six weeks 14 out of 50 hatchlings in the treatment 
group, and 12 of 49 in the control group died, representing a mortality rate of 28 % and 
24.5 % respectively. Over the final two weeks one of the remaining 36 treatment 
-- ------ - --------- - - -
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hatchlings died, a mortality rate of2.8 %. During the same period, five of the remaining 37 
control hatchlings died, a mmiality rate of 13.5 %. 
The cumulative mortality rates for the entire period were 30 %for the treatment group and 
36 % for the controls. In comparison, the farm's average hatchling mortality rate for the 
season up to 06 August 2006 was 10 %. 
Intestinal flora 
The results of the bacterial cultures from the trial hatchlings are shown in Table 3.5 and 
3.6. Of the four species included in the probiotic, only two, E. faecalis and A. hydrophila 
were cultured. A heavy mixed growth was isolated from all eight samples. Some of the 
more slowly growing bacteria may therefore have been overgrown, such as F. aquatile. 
Enterococcus faecal is and A. hydrophila were cultured from all eight samples, there being 
no significant difference between the control and treatment groups. The E. faecalis and A. 
hydrophila are possibly the same strains that were in the probiotic, but as they are very 
common in the environment of crocodiles, they may be different strains. 
Table 3.5: Cloacal isolates from tlrree hatchlings treated with probiotic. 
::r: ~~ ~ ~ ~ "\:1 8 ~ 'E-tl'J "\:1 ~ -3 !a (") ~ (1:> ~ ""'! 0 ~""'! 
-· :::-:g. 0 .._ ...... 2: ""'! 0 ~ ""'! ~ (") (") ~ ~ ~ e:. .g ~ ~~ (1:> ;:s-. (1:> ~ ""'! 0 8' ""'! ""'! -o E; ~ -· ....... ;::s-0 ~ ~ 0 
-· 
;;;· (") r.n ::s 
-· ~ ::::: ~ ~ ~ (") 0 (1:> 0 (10 ~ ;::s- ..._ ....... -~ ....... ~ (") 5" !a 
-
~ c.., 5" (") -· (") (") ~0 ~ ...... E; (1) 
""'! (1:> r.n 
""'! 
R3L3S2 + 4 + - - - - + + 07:d:(1,2) 
R3L4S7 - 7 + + + + + + + 
R1L8S7 + 6 + - - + + + + 0 polyvalent 
Mean 5.7 
The number of species cultured from the treatment hatchlings varied from four to seven 
with a mean of 5. 7 species. The number of species cultured from the control hatchlings 
varied from five to seven with a mean of 6.2 species. Salmonella was cultured from seven 
of the eight swabs, a prevalence of 87.5 %. Salmonella was cultured from three out of four 
(75 %) of the treatment group, and five out of five (1 00 %) from the control group. The 
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Salmonella strains that were isolated, were biochemically identified as Salmonella enterica 
subspecies salamae (Popoff and Le Minor, 2005) which conesponds to/with the previously 
recognized group II (Krieg and Holt, 1984). Two of the isolates agglutinated with a 
Salmonella polyvalent antiserum (Biorad), but did not react with the polyvalent A and B 
sera, indicating that those strains probably belonged to rarely isolated serovars. No other 
polyvalent sera were available. Five of the isolates were positive for agglutination with the 
0 7 agglutinating serum. Three of these isolates were further typed using H typing sera4. 
These three were all positive for b, but no further typing could be canied out, due to the 
non-availability of z39 and z42 typing sera. According to the Kauffmann-White scheme of 
Salmonella serovars listed in Popoff and Le Minor (2005), the three strains could only 
have been either Salmonella II 6,7:b:[enx]:z42 or Salmonella II 6,7:b:z39. Salmonella 
serovars belonging to groups other than group I (Salmonella enterica subspecies enterica) 
are not named, but are known by their antigenic formula. 
Table 3.6: Cloacal isolates from five control hatchlings. 
::r: ~~ ~ ~ ::t:.. '\::) 8 ~ 'E>~ '\::) ~ ...., ~ ("'; ~ (1:> ;::s ..... 0 ~cs ...... :::-:~ C'l ~ 0 ..._ ....... () ~~ ;::s ("'; ~ ~ e:.. 2:: .g ~ (1:> ;:s-. (1:> ~ ..... 0 ~ ~ ..... ..... ..... ::::c s::: ;::s .... . ...... ;:s-.0 ;::s ;::s 0 0 ...... c.., ("'; c.., en ::s <:;)" ("'; (1:> 0 ...... ;::s ...... (1:> <:;)" 0 ..._ (1Q El"E; ...... ff ~ ~ ;:s-. ("'; ..._ [ ,..... ("'; .... C'l ~ 
tJ ~ ("'; ~ ~ (1) ~ en 
..... 
..... 
+ 5 R1L4S4 + + + 
- -
+ 
- 07 
+ 6 R1L6Sl + - + - + + + 07 
+ 6 R1L6S5 + - + + + + - 07 
+ 7 R3L6S5 + + + - + + + 0 polyvalent 
+ 7 R3L8S8 + - + + + + + 07 
Mean 6.2 
---
4 At Onderstepoort Veterimuy Institute. 
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The bacterial species most commonly isolated from the wild Nile crocodiles, 
Microbacterium, is a common soil inhabitant. Neither Microbacterium nor E. faecalis , the 
second most frequently isolated species, are associated with bacterial septicaemia in 
crocodiles. Misra et al. (1993) did not isolate Microbacterium or Enterococcus from 
cloacal swabs from 23 gharials, nor was Microbacterium isolated from the intestinal 
contents of 29 African dwarf crocodiles (Huchzetmeyer et al., 2000). Enterococcus 
faecalis was, however, isolated from one of the dwarf crocodiles, and other Enterococcus 
species were isolated from a further 21 of the 29 dwarf crocodiles. 
Escherichia coli appears to be a common component in crocodile intestinal tract flora, 
having also been isolated from nine of the gharials and eight of the dwarf crocodiles. 
Nevertheless E. coli has been recorded as a cause of septicaemia in crocodilians, including 
the Nile crocodile. Foggin (1992b) found 47 out of 409 (11.5 %) bacterial infections to be 
caused by E. coli. 
Aeromonas hydrophila was isolated from 34.5 % of the samples. Aeromonas hydrophila is 
frequently found associated with mortality caused by enteritis and septicaemia. In 
Zimbabwe it was the second most frequent isolate, after Salmonella, from septicaemic Nile 
crocodiles (Foggin, 1992b). It is also an important cause of septicaemia in Crocodylus 
porosus, Crocodylus johnsoni and Crocodylus novaeguineae (Buenviaje et al., 1994; 
Ladds and Simms, 1990). 
Besides E. coli and A. hydrophila another five of the genera isolated (Bacillus, Citrobacter, 
Proteus, Pseudomonas and Staphylococcus) are known causes of septicaemia in crocodiles 
(reviewed by Huchzermeyer, 2003). This suppotts the view that many bacterial 
septicaemias are caused by normal intestinal tract inhabitants which act as oppottunistic 
pathogens in an immtmosupressed host. 
No Salmonella were cultured from the wild Nile crocodiles. This is interesting in the light 
of previous findings. Of 67 wild Nile crocodiles in Lake Kariba, 18 (26.9 %) grew 
Salmonella (Madsen et al., 1998). Three of 29 (10.3 %) wild caught African dwarf 
crocodiles yielded Salmonella (Huchzem1eyer et al., 2000). Scott et al (1997) found 
Salmonella in 2 of71 (2.8 %) wild American alligators (Alligator mississippiensis). 
In fat111ed crocodilians, Salmonella has frequently been isolated: Obwolo and Zwatt (1993) 
found Salmonella in 8 out of 50 healthy three year old farmed Nile crocodiles, and 
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concluded that Salmonella may represent normal flora in the intestinal tract of crocodiles. 
In contrast Misra et al. (1993) did not find any Salmonella in cloacal swabs from 23 
captive gharials. Healthy farmed C. porosus and C. johnstoni were found to carry 
Salmonella (Manolis et al., 1991). On one farm 20.0% of C. porosus and 27.8 %of C. 
johnstoni were carriers, while on another farm the prevelance rate was 81 % and 5 % for 
the 2 species respectively. Scott and Foster (1997) found Salmonella in 4 of 29 (14 %) 
fanned alligators. 
In contrast to their frequent occunence as resident flora, Salmonella was cultmed from 202 
out of 409 farmed Nile crocodiles found to have died from bacterial infections in 
Zimbabwe (Foggin, 1992b). Van der Walt et al (1997) reported 145 Salmonella isolates 
and a wide range of serovars from farmed Nile crocodiles submitted for necropsy over a 10 
year period. 
It is clear that while Salmonella can be nom1al intestinal tract flora in healthy farmed 
crocodilians, they can also be important pathogens. The role of Salmonella as normal 
intestinal tract flora in wild crocodilians is unclear. DuPont et al. (1978) found that 
Salmonella could suddenly be excreted from turtles after a period of 6 months with no 
excretion. Furthermore, cloacal swabbing may underestimate the prevalence of Salmonella, 
compared to faecal swabbing (Manolis et al., 1991). The composition of intestinal flora is 
dependant on ingested food, both the type of food and the amount. These may be factors in 
the apparent absence of Salmonella in this study. Logically there will be less efficient 
horizontal transfer of Salmonella in a natmal environment than under intensive conditions. 
Nevertheless, vertical transmission could occur with equal ease in either environment. 
Recent findings from C. porosus eggs tend to support the possibility of vertical 
transmission of Salmonella. Salmonella was cultured in eggs from 12 out of 13 clutches on 
one farm. Interestingly, the serotypes isolated were clutch specific (Peuker et al., 2005). 
The fungi isolated from the wild Nile crocodiles are considered environmental. 
Nevertheless, Cladosporium, Penicillium and Trichoderma have been found in diseased 
crocodilians (Troiano and Roman, 1996; Buenviaje et al., 1994; Hibberd et al., 1996; 
Foreyt et al., 1985). These three fungi have also been isolated from the shells of C. porosus 
eggs, but were not present in the egg yolk (Peuker et al., 2005). 
Huchzetmeyer et al. (2000) isolated fungi in the intestinal tract of 24 out of 29 African 
Dwarf crocodiles, a far higher occmrence than the present study. 
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The probiotic did not result in an increased growth rate, nor was the mortality rate 
meaningfully reduced. Furthermore the mortality rate of both the control and treatment 
groups was much higher than the farm's average, indicating that there was likely a 
management-related factor involved. 
The aerobic bacterial cultures from the cloacal swabs collected from the fmmed hatchlings 
yielded the same eight bacterial species from the trial and control groups. The probiotic did 
not alter the composition of the intestinal tract flora, nor the average number of species per 
crocodile. Fom of the eight bacterial species isolated have previously been associated with 
septicaemia in Nile crocodiles: A. hydrophila, M morganii, E. coli and Salmonella 
(Foggin, 1987 and 1992a; Vander Walt et al., 1997), and Proteus sp. has been isolated 
from other septicaemic crocodilians (Novak and Seigel, 1986; Chakraborty et al., 1988). 
Although the total range of species was narrower than those isolated from the wild 
crocodiles, the average number of species carried per crocodile was greater (5.7 and 6.2 
compared to 2.7 from the wild crocodiles). Clearly these hatchlings were capable of 
establishing a diverse resident intestinal tract f1ora by the age of 6.5 months. The fact that 
there were no antibiotics in the feed and no disinfectants in the pond water probably 
contributed to this. Nevertheless, we cannot say how early the intestinal tract flora became 
established. Future probiotic trials should include intestinal tract cultures at regular 
intervals from the outset. 
Salmonella was cultured from seven of the eight swabs (87.5 %). Tllis is a very hlgh 
incidence, but correlates with the prevalence of over 80 % found in farmed crocodiles in 
Zimbabwe (Madsen et al., 1998). The isolates were all Salmonella enterica subspecies 
salamae which are frequently found in cold-blooded animals and the enviro1m1ent (Popoff 
and Le Minor, 2005). Subspecies of Salmonella more commonly found to be pathogenic in 
manm1als usually belong to Salmonella enterica subspecies enterica. 
The dramatic difference in Salmonella prevalence in the farmed hatchlings compared to the 
wild crocodiles indicates that Salmonella is much more efficiently transmitted in an 
artificially intensive environment. These hatchlings were not fed poultry, often suspected 
of being the source of Salmonella in young crocodiles. 
The finding that the probiotic produced no beneficial effect is surprising in light of the 
widespread use of probiotics in other species, particularly other recently domesticated 
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stress-prone species such as the ostrich (Huchzermeyer, 1994). In the aquaculture industry, 
beneficial effects of probiotics have been demonstrated in several species, for example 
rainbow trout (Bnmt and Austin, 2005), Atlantic salmon (Austin et al. , 1992), crabs 
(Nogami and Meada, 1992), prawns (Maeda and Liao, 1992) and oysters (Douillet and 
Langdon, 1994). 
Several factors may have influenced these results : 
These hatchlings were simultaneously used in another trial, investigating temperature 
dependant sex determination. The eggs were artificially incubated at eight different 
temperatures (30.0 °C- 34.5 °C). Following hatching the crocodiles were handled several 
times for the purposes of identification, weighing and measuring, and sex determination. It 
is well established that handling is a significant stressor of crocodilians, resulting in 
increased plasma corticosterone concentrations, and altered leukocyte counts, with 
lymphocytopaenia by 24 hours post exposure (Lance and Elsey, 1986; Elsey et al. , 1991). 
In an experiment to test the effect of high density rearing (Elsey et al. , 1989) plasma 
cotiicosterone and growth rate showed a strong negative correlation. Lance (1990) 
concludes that crocodilians respond to non-specific stress with a chronic increase in 
corticosterone secretion, an inhibition of growth, an inhibition of the reproductive system 
and a suppression of the immune system. 
A cold winter during the second half of the experimental period resulted in lower 
temperatures in the rearing house than was ideal. To counteract the low air temperatures, 
rearing pens were frequently completely flooded at night, with water temperature reported 
at approximately 26 °C the following morning. This is well below the ideal of 
approximately 32 °C (Foggin, 1992a). Temperature has long been known to play an 
important role in reptile immunity (Metchnikoff, 1901). Lance and Elsey (1999) 
demonstrated increased plasma corticosterone and altered white cell counts after exposure 
of American alligators to cold shock. Cold shock is known to be associated with increased 
susceptibility to disease in reptiles. While the experimental hatchlings would not have 
suffered cold shock at 26 °C, it was colder than the temperature that they had been adapted 
to in captivity, and as such would have been a source of stress. 
From the above it is evident that stress associated with repeat handling and sub-optimal 
temperature may have altered growth rates as well as disease susceptibility, with associated 
altered mortality rates. 
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In the final weeks of the experiment up to 40 % of the hatchlings were suffering from pox 
vims infection, characterized by brown spots of 1-2 mm diameter, distributed mainly over 
the skin of the ventral abdomen. Some hatchlings also had large cutaneous erosions of up 
to 10 mm on the tail. This condition was also noted in other hatchling groups on the farm, 
but at a lower incidence than in the experimental hatchlings. Pox vims infection has been 
reported to be associated with reduced growth rates and increased mortalities (Foggin, 
1987, Pandey et al. , 1990). It is likely therefore that the growth and survival of hatchlings 
in this trial were affected by the presence of this disease. Furthem1ore, some of the tail 
erosions affected the tail scutes, making identification of a few individuals difficult. Some 
errors may have resulted from this. 
The bacterial species included in the pro biotic were selected on the basis of frequency of 
isolation from intestinal tract cultures obtained from wild Nile crocodiles. However, the 
two most frequently occutTing species (Microbacterium and E. coli) did not survive the 
freeze drying process and therefore could not be included. For the same reason none of the 
fungal species isolated were included. As there has been no work done in this field, it is 
difficult to know which of the nonnal intestinal tract flora is the most beneficial species. 
Many more trials will be required to test the effect of various different species when 
included in a pro biotic. Anaerobes would be an important additional consideration. 
The hatchlings were one month old at the start of the experiment. This may have been too 
late to achieve the objective of rapidly establishing mixed bacterial commUllities in the 
intestinal tract, essential for the prevention of colonization by pathogenic bacteria. Future 
probiotic trials in crocodiles should consider starting with day old hatchlings. Furthermore 
the hatchlings should be swabbed before the commencement of the trial to establish the 
baseline intestinal flora. 
In this trial the probiotic was dosed twice, on consecutive days. In many other species 
probiotics are included in the feed and therefore there is continuous intake. This may be a 
better approach with crocodiles particularly, as it obviates the need to handle the 
hatchlings, which will reduce stress. 
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River water and fresh fish are potential sources of the same bacteria which were found in 
crocodile intestinal tracts. Future probiotic trials should be designed such that the 
experimental hatchlings are kept in borehole water instead of river water, and fresh fish 
should not form part of the diet. 
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CHAPTER4 
A Disease Survey in the Wild Nile Crocodile 
(Crocodylus niloticus) Population in the Okavango Delta, Botswana 
Introduction 
72 
Since the development of the crocodile fanning industry in the 1980's, a lot of research has 
been carried out worldwide on diseases in farmed crocodiles (Foggin, 1987 and 1992b; 
Ladds et al. , 1990 and 1995; Buenviaje et al., 1994 and 1998; Huchzermeyer, 2002). Very 
little, however, is known about the diseases of wild crocodilians, including wild Nile 
crocodiles. Wild crocodiles are often difficult to study due to the remoteness of the areas in 
which they occur. 
The initial objective of this study was to determine disease prevalence in the wild Nile 
crocodile population in the Okavango Delta. However, several factors made this difficult: 
(i) Very few serological tests have been developed for crocodile diseases. Consequently a 
serological survey is ofvery limited value. 
(ii) Virus isolation is impossible due to the lack of available crocodile cell lines. The 
crocodile viruses cannot be grown in embryonated chicken eggs, or any of the cell culture 
lines available in veterinary diagnostic laboratories. 
(iii) Sick crocodiles are difficult to identify by observation. Sick crocodiles under fanned 
conditions often stop eating but show no other clinical signs, and as such are not noticed as 
unhealthy until they are found dead. Diseases causing visible external lesions, for example 
pox virus, are the obvious exception. 
(iv) Clinical examination has several limitations: cardiac and respiratory rates are variable 
according to the conditions, and are severely influenced by capture stress. Due to their 
poikilothermic nature, body temperature cannot be used as a diagnostic tool. 
(v) Due to the predatory environment in which they live, sick/weak crocodiles are unlikely 
to survive long. Therefore, the likelihood of encountering these individuals in a captme 
and release survey is low. 
(vi) No crocodiles could be sacrificed for histopathological and parasitological 
examination. 
Considering these limitations, it was postulated that we would find a low incidence of 
diseases in the Okavango population, during a capture and release survey. 
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However, in the case of mycoplasmosis and heamogregarine infection it was possible to do 
a more accurate survey, due to the availability of diagnostic tests: 
(i) Mycoplasmosis 
The first recorded outbreak of mycoplasmosis in crocodiles occurred in Zimbabwe on five 
farms simultaneously (Mohan et al., 1995). Rearing stock 1-3 years of age developed 
swollen limb joints and lameness. Morbidity was 10 % and mortality even lower. A new 
species of mycoplasma was cultured from the joints of affected animals. The disease was 
then reproduced in healthy crocodiles by experimental infection with this isolate. Kirchoff 
et al. (1997) assigned this mycoplasma to a new species: Mycoplasma crocodyli. 
Also in 1995 a highly fatal outbreak of disease, characterized by arthritis and pneumonia, 
occurred in farmed alligators (Alligator mississippiensis) in Florida (Brown et al. , 1996). 
Nine out of 74 adult animals died over a 10 day period. A new species of mycoplasma was 
isolated. Losses continued over the next six months, despite tetracycline treatment, until 
only 14 alligators remained. This species was later assigned as M alligatoris (Brown et al., 
2001a). An enzyme-linked immunosorbent assay (ELISA) for the detection of antibodies 
produced by alligators in response to M alligatoris exposme has been developed (Brown 
et al. , 2001b). 
Following the initial outbreak in Zimbabwe, cases of mycoplasmosis were reported year 
after year, from about one third of Zimbabwean crocodile farms. An autogenous vaccine 
was developed which, in an experimental trial, afforded limited protection (Mohan et al., 
1997). Then a severe outbreak occurred in crocodiles following movement, in which the 
morbidity was over 50 % and the mmiality rate over 20 % (Mohan et al. , 2001). 
Subsequently mycoplasmosis has become an important disease on South African crocodile 
farms, with several large outbreaks having occuned (Picard, pers comm.). 
The epidemiology of this disease is not well understood. The source of the original 
Zimbabwean outbreak remains elusive. Huchzermeyer (2003) suggested that wild 
crocodiles may act as reservoirs of infection, with vertical transmission being the main 
mode of transmission. However, unidentified mycoplasmas have been fow1d in the faeces 
of fan11ed Nile crocodiles, indicating the possibility of horizontal transmission 
(Huchze1meyer et al. , 1994). The concept of wild crocodilian reservoirs of infection has 
recently been confitmed in the case of M alligatoris. In a seroprevalence study, Brown et 
al. (2005) found 5.4% of wild American alligators positive forM alligatoris antibodies, at 
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12 of 20 sites (60 %). Further elucidation of the epidemiology of mycoplasmosis in Nile 
crocodiles requires that the mycoplasma status of wild crocodiles be established. 
Many crocodile farms collect eggs from wild crocodile nests . If the wild population 
concerned is infected then this is a very risky practice. Often these farms are obliged tore-
introduce a certain number of juvenile individuals into the wild. If, on the other hand, the 
wild population is free from mycoplasmosis, it could be disastrous to reintroduce exposed 
juveniles. 
(ii) Hearnogregarines 
Haemogregarines are protozoal blood parasites. Members of the genus Hepatozoon occur 
in various crocodilians. Asexual shizonts are found in the liver of infected crocodiles and 
garnetocytes are found in erythrocytes or free in the blood. Sexual multiplication occurs in 
the intermediate host, usually hematophagous insects (Lainson et al. , 2003 ; Khan et al. , 
1980). Leeches may also be intermediate hosts, but transmission by leeches has not been 
proven (Khan et al. , 1980). 
Hepatozoon pettiti was described in Nile crocodiles by Thiroux (191 0), in Senegal and 
Uganda. Then H sheppardi was described from Nile crocodiles in Mozambique (Santos 
Dias, 1952). Recently Gomersall et al. (2006) confinned that the species found in 
crocodiles in the Okavango is H pettiti. The intermediate host of H pettiti has not been 
detern1ined. Hepatozoon parasites are thought to be apathogenic in their crocodilian hosts. 
In tlus survey the aim was to detern1ine the prevalence of H pettiti and its effect on the 
crocodile host. 
Study site 
Botswana' s Okavango Delta, the world's biggest RAMSAR site, is a large wetland within 
the Kalahari Dese1i, covering an area of approximately 16 000 km2 in the dry season, and 
increasing to over 22 000 km2 with the annual flood. The Ill 250 krn2 active catchment 
area falls entirely within Angola. Due to the geology of the catchment, the incoming water 
is low in nutrients and sediment (Mendelsohn and el Obeid, 2004). 
The Okavango River flows through Namibia briefly before entering Botswana and forn1s a 
broad floodplain, the Panhandle. An estimated 40 % of inconung water leaks into the 
sunounding swan1ps by the time the river leaves the Panhandle. The remaining 60 % is 
distributed down three main channels, which fan out to fonn the Delta. The Okavango 
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Delta consists of permanent and seasonal swamp, which is immdated dming the annual 
flood. 
The northern part of the Delta is characterized by shallow water, flooded grasslands, ox-
bow lakes and lagoons mostly interconnected by narrow waterways. Only a few main 
channels lined by tall reeds (mainly Phragmites australis), carry the remainder of the 
Okavango's water southwards through the Delta. The permanent and seasonal swamp, 
together fmm a unique ecosystem, providing high quality habitat for a great many species. 
As a keystone species, the Nile crocodile helps maintain the fragile balance within this 
ecosystem. Crocodiles are unevenly distributed throughout the delta, with the majority of 
the breeding population occurring in the 120 km long Panhandle. 
Study Animal 
The Nile crocodile, Crocodylus niloticus, is the most widespread and abundant of the three 
crocodile species that occur in Africa. It occurs throughout the continent south of the 
Sahara, in a variety of wetland habitats, including coastal areas (Taplin and Loveridge, 
1988). Historically its distribution in southern Africa extended down the east coast as far as 
the Kei River. 
The Nile crocodile is dark olive to brown, with a light yellow abdomen. Being reptiles, 
they are ectothermic and regulate their body temperature behaviourally, by moving 
between sun-exposed sandbanks and the water. Typical adult lengths are arotmd 3.5 m, but 
they can grow up to 5 m (Groombridge, 1987). Sexual maturity is reached from 2.9 m total 
length for males, and 2.2 m for females (Cott, 1961). Nesting occurs in a hole in the 
ground, where an average of 50 eggs are laid. Nile crocodiles exhibit temperature-
dependent sex detetmination (Leslie, 1997). Hatchlings emerge after an incubation period 
of approximately 90 days, in early to mid summer, and parental protection occurs (Pooley 
and Gans, 1976; Pooley, 1977). There is a very high mortality rate in their first year of life 
due to predation. 
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One hundred and forty four crocodiles were captured in the Panhandle of the Okavango 
during summer (Febmary 2005). Capture was carried out using two methods: (i) at night, 
using a 4.8 m flat bottomed aluminium boat propelled by a 60 hp engine. Crocodiles were 
located using a 500 000 candle power spot-light which, once shone into the crocodile' s 
eyes, reflected back a red glow due to the presence of a retinal tapetum lucidum. Once 
spotted, the beam of light was kept focused on the crocodile' s eyes, making it possible to 
approach the animal by boat. Crocodiles estimated smaller than 1.2 m total length (TL) 
were captured by hand. Crocodiles between 1.2 m and 2.3 m were captured using a 
swivelling noose (Animal Handling Co.) which was placed over the snout and pulled tight 
in the neck region. Crocodiles were then brought onto the boat, jaws were taped shut and 
the animals were physically restrained. Animals larger than 2.3 m were captured using a 
noose attached to a climbing rope, which was secured to the boat. The crocodile was 
allowed to swim so as to tire it out before it was brought onto the boat. (ii) Traps: baited 
box and Pitman traps were strategically placed on river banks. Traps were baited at sunset 
and checked at first light the next morning. Captured animals were immediately restrained 
and the necessary data collected. 
Crocodile processing 
Each crocodile was blindfolded and restrained in ventral recumbency. Fifty three animals 
were randomly selected for blood collection. Blood was collected from the post occipital 
sinus (Campbell, 1996), on the dorsal midline and just caudal to the base of the head. A 21 
G or 23 G needle and a three, five or 10 mJ syringe was used, depending on the size of the 
crocodile, and the blood transferred directly into a lithium heparin blood tube. Blood 
smears were made from whole blood using the cover slip method (Jain, 1986). Following 
blood collection the crocodile was measured: total length (TL) and snout-to-vent length 
(SVL) were recorded using a flexible measuring tape (±1 mm), and weighed using a 
harness arotmd the forelimbs and a Pesola spring balance. Each crocodile was sexed by 
cloacal examination of the cliteropenis (Hutton, 1987; Leslie, 1997), and examined for 
clinical abnormalities including bite wounds, skin lesions, conjunctivitis, joint swelling and 
poor condition. 
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Sample processing 
On return to the field laboratory 1.0 ml of blood was transferred to an epindorf tube for 
haematological analysis. The remaining blood was centrifuged using a manual desktop 
centrifuge, and plasma frozen for serology. If the volume of the blood sample was small it 
was allocated for either Hepatozoon examination or serology, but not both. 
Thirty eight samples were exan1ined for blood parasites and underwent heamatological 
analysis. Blood smears were stained with Diff-Quick Stain (American Scientific Products, 
Illinois, USA), (Campbell, 1995). The presence of Hepatozoon gametocytes was 
detetmined by examination of the Diff-Quick stained blood smears. The degree of 
erythrocyte regeneration was estimated by examining the red cell series, and scoring each 
slide on a scale of 1 to 4. On this scale, a score of 2 represents normal erythrocyte 
regeneration with 10-20 % orthochromic erythroblasts but no earlier stages. A score of 2.5 
represents a moderate increase in erythrocyte regeneration, with late polychromatic 
erythroblasts through to mature and aging erythrocytes, whilst a score of 3 represents 
strong regeneration with basophilic erythroblasts and early polychromatic erythroblasts 
through mature and aging erythrocytes, but not proerythroblasts. Finally, a score of 4 
would include all the other stages plus proerythroblasts. 
Packed cell volumes (PCV) were detennined using a Statspin MP microhaematocrit 
centrifuge: blood was drawn into standard microhaematocrit tubes and spun for five 
minutes at 12 000 G. 
Total red cell counts (RCC) were perfom1ed both manually and automatically using an 
electronic particle counter. The automated cow1ts were made using a Beckman Coulter 
Ac*T Series haematology analyzer (Coulter SA). The manual counts were made using Natt 
and Herrick ' s solution. A 1:200 dilution was made by drawing blood up to the 0.5 mark on 
a red blood cell diluting pipette, then filling the pipette to the 101 mark with Natt and 
Herrick' s solution (Campbell, 1996). The diluted blood was then used to charge both 
cotmting chambers of an improved Neubauer haemocytometer (Hawksley and Sons, 
Lancing, UK). After 5 minutes in a damp chamber the red cells were counted in the 4 
comer cells and central cell of the central large square of the counting chan1ber. This was 
repeated on the second chamber, and the average multiplied by 10 000 to obtain the total 
red cell cow1t per microliter. 
Haemoglobin concentrations (Hb) were detetmined using a Beckman Coulter Ac*T Series 
haematology analyzer (Coulter SA). 
Red blood cell indices were calculated using standard formulas (Jain, 1986): 
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Mean cell volume: MCV (fl) = PCV IRCC 
Mean cell haemoglobin: MCH (pg) = Hb (gldl) x 10 I RCC 
Mean cell haemoglobin concentration: MCHC (gldl) = Hb (gldl) I PCV 
Total white cell counts (WBC) were obtained indirectly using the Unopette 5877 system 
(Becton-Dickinson, USA). The Unopette pipette was filled with blood (25 Ill) and mixed 
with the phloxine B diluent in the reservoir. From this, both counting chambers of an 
improved Neubauer haemocytometer were charged. After 5 minutes in a damp chamber all 
the pink staining granulocytes were counted in both chambers. 
Differential counts were done on the Diff-Quick stained smears. The percentage of 
heterophils and eosinophils was calculated and used to calculate total WBC (Campbell, 
1996): 
Total WBCI!ll =stained cells counted in chambers x 1.1 x 16 x 100 
percentage heterophils and eosinophils. 
The separated plasma was stored at -1 0 °C in a domestic gas freezer for up to one month. 
After return from the research site, 30 samples were submitted to the laboratorl for 
serological testing for mycoplasmosis, using a plate agglutination test. 
Statistical analysis 
Haematological values were analyzed for significant differences (p < 0.05) between 
Hepatozoon -infected and -uninfected crocodiles by one way analysis of variance 
(ANOV A). The residuals were checked for normality of distribution with nonnal 
probability plots. Where data was not nom1ally distributed, significance was tested by 
means of a Mann-Whitney test. 
5 Department of Tropical Diseases, Faculty of Veterinruy Science, University of Pretoria. 
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Results 
The crocodiles ranged in TL from 340 mm- 4630 mm, with a mean of 597.0 mm, and 
ranged in SVL from 255 mm- 1015 mm with a mean of284 mm. 
Of the 144 crocodiles caught and exan1ined, none were visibly sick or displayed any 
clinical signs of disease. The body condition of all the crocodiles was good. The only 
extemal lesions observed were old healed bite injuries in one case, and a recent puncture 
injury in another case. Eleven crocodiles were infested with the leech Placobdelloides 
multistriatus, a prevelance of 7.6 %. One crocodile had seven leeches, and another had 
two. The remaining nine parasitized crocodiles each had a single leech. 
No antibodies to Mycoplasma crocodyli were detected in any of the crocodiles tested. 
Hepatozoon pettiti parasites were present in 21 out of 38 blood smears examined (55.3 %). 
The mean SVL of the 3 8 crocodiles tested was 426 mm. The mean SVL of the infected 
crocodiles was 463 mm compared to 382 mm for the uninfected crocodiles. 
Six out of eight females (75 %) and 13 out of 27 males (48 %) were infected. The sex of 
two crocodiles was undetermined. 
Two (9.5 %) of the infected crocodiles had leech infestation, as did four (23.5%) of the H 
pettiti negative crocodiles. 
Of the 21 infected crocodiles, 10 (47.6 %) showed an increased rate of red cell 
regeneration, with a mean score of 2.4 on our erythrocyte regeneration index. In contrast, 6 
of 17 (35.3 %) uninfected crocodiles displayed an increased rate of red cell regeneration, 
with a mean score of 2.3 on our erythrocyte regeneration index. This was not a significant 
difference. 
There was no significant difference between any of the haematological values of the 
infected and uninfected crocodiles (Table 4.1). The mean PCV and RCC of the infected 
group were 18.2% and 0.62 x 106 I!J.l respectively, compared to 17.6% and 0.56 x 106 /!J.l 
in the uninfected group. 
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Table 4.1: Haematological parameters of Hepatozoon infected Nile crocodiles 
compared to un-infected crocodiles. 
Hepatozoon negative 
Parameter Hepatozoon infected (n=21) (n=l7) 
Mean SD Mean SD 
SVL (mm) 462.6 223.9 381.7 123 .1 
Mass (g) 3804.3 6390.1 1736.5 2651.3 
PCV (%) 18.2 2.0 17.6 1.9 
RCC (x l06hLl) 0.62 0.14 0.56 0.08 
Hb (g/d1) 7.27 1.11 6.90 0.82 
MCV (fl) 305.4 70.6 320.7 46.0 
MCH (pg) 121 .5 31.8 125.2 13 .7 
MCHC (g/d1) 39.7 2.7 39.4 3.9 
Eryth. regener. index 2.4 0.4 2.3 0.4 
WBC (x 103/~Ll) 11.62 5.50 10.87 3.71 
Heterophi1s % 19.8 8.7 21.5 8.9 
Lymphocytes % 62.0 9.8 62.0 13.2 
Monocytes% 1.0 2.2 0.6 1.1 
Eosinophils% 6.0 5.1 3.5 4.1 
Basophils % 5.7 4.4 6.2 4.7 
Azurophils % 5.3 4.3 4.8 4.9 
Heterophils (x 1 03/J.Ll) 2.00 0.62 2.19 0.89 
Lymphocytes (x 1 03/ J.Ll) 7.43 4.10 6.93 3.49 
Monocytes (x 103/~d) 0.11 0.22 0.07 0.11 
Eosinophils (x 1 03/J.Ll) 0.65 0.58 0.38 0.51 
Basophils (x 103/J.Ll) 0.70 0.75 0.66 0.54 
Azurophils (x 1 03/J.Ll) 0.70 0.91 0.48 0.46 
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Discussion 
Due to the limitations mentioned in the introduction it is probable that a capture and 
release survey does not provide an accurate reflection of disease prevalence in a crocodile 
population. On the other hand, a very low disease incidence in wild crocodiles is probable: 
stress is a very important predisposing factor to disease in crocodiles. Lance (1990) found 
that crocodilians respond to non-specific stress with a chronic increase in corticosterone 
secretion, an inhibition of growth, an inhibition of the reproductive system and a 
suppression of the immune system. Crocodiles living in a relatively pristine natural 
environment, with a low population density, will not be exposed to the stress experienced 
by farmed crocodiles in an artificially intensive environment. Furthermore, transmission of 
infectious diseases under natural conditions is usually far slower due to less host-pathogen 
exposure compared to an intensive situation. 
At the time these san1ples were tested, the M crocodyli plate agglutination test had just 
been developed. It was believed that the test could identify recently infected animals, but 
not old infections. Subsequent testing on a positive farm revealed that the test only 
identified very recent infection: only anin1als which still had lesions tested positive 
(Pickard, pers. comm.). The negative results obtained here do not, therefore, exclude less 
recent infection with mycoplasma. The mycoplasma status of the Okavango crocodiles 
therefore remains uncertain. An indirect enzyme-linked immtmosorbent assay (iELISA) 
test for M crocodyli has just been developed (Dawo and Mohan, 2007). Tllis test has a 
lligh sensitivity and specificity (86% and 100% respectively) and will be ideal for further 
testing of the Okavango population. 
The Samocllima crocodile farm currently collects a maximum of 2000 eggs per nesting 
season from nests in the Panllandle region of the Okavango Delta. In return the farm is 
obliged to release five percent of juvenile crocodiles back into the wild. Testing of these 
juveniles should be tmdertaken before release, to avoid the risk of infecting the wild 
population. 
In a study ruruling concurrently to tllis one, Gomersall et al. (2006) found H pettiti in 61 
out of 186 Nile crocodiles (32.8 %). As in this study, they found no significant difference 
in the PCV of infected and mlinfected groups. It is clear that there is a high prevalence of 
H pettiti infection in the Okavango crocodile population, and that it appears not to be 
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pathogenic to the crocodile host. The mean SVL of our Hepatozoon infected crocodiles 
was greater than that of the uninfected group. It would appear that crocodiles do not lose 
the infection with increasing age. To date the intermediate host of H pettiti remains 
unknown. We found no correlation between current leech infestation and H pettiti 
infection. 
A very high prevelance of Hepatozoon infection is not uncommon in other crocodile 
species. Khan et al. (1980) found that Haemogregarina crocodilinorum was widely 
distributed in the southern United States and was present in 77 (59 %) of 130 American 
alligators examined. Barnett et al. (1999) found a Haemogregarina sp. in all of nine wild 
alligators captured. They were anaemic compared to captive bred controls. It is not clear if 
the haemogregarine played a role in the anaemia, or if it was caused solely by leech 
infestation and lower nutritional plane of the wild alligators. A prevelance of 71.4 % was 
reported for Hepatozoon caimani in caimans (Caiman crocodilus) in Western Brazil 
(Viana et al. , 2005), and Ladds et al. (1990) found a haemogregarine in 16 of 25 (64 %) 
salt- and fresh water crocodiles (C. porosus and C. novaeguineae). 
Further research is required in several of the crocodilian diseases to elucidate the 
epidemiology of these diseases, and particularly the role of wild crocodilians as reservoirs 
of infection. Pox virus, adenovirus, West Nile virus, chlamydia and mycoplasmosis are of 
particular interest. 
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CHAPTERS 
Conclusion 
A set of reference values has been established for the haematological and blood 
biochemical parameters of wild Nile crocodiles in the Okavango Delta. Given the limited 
sample size, and the skewered sex ratio, these values may not be truly representative. 
Furthem1ore, in other reptiles "normal ranges" often vary with season, environmental 
conditions, nutritional status and population dynamics. Additional studies in different 
seasons will be required to build up a more complete picture in wild Nile crocodiles. 
Nevertheless, these reference ranges are the best available at tlus stage, and will be useful 
for diagnostic investigations involving clinical pathology. These values are also available 
as baseline data for ecological studies using the crocodile as indicator of its environment. 
The comparatively low mean haematocrit and total protein values obtained from this 
san1ple of the population may indicate a poor nutritional status or a heavy parasite burden. 
The high prevalence of Hepatozoon pettiti did not have an influence on haematocrits. More 
research on the internal helminth parasites of Nile crocodiles, and their effect on the host, 
is required. To date it is believed that the ascaridoids are largely non pathogenic. The 
possibility of a poor nutritional status seems unlikely. The density of this population is 
relatively low (Bourquin, pers. co1111n.), and the food resource should not be a limiting 
factor. Furthermore, the animals appear to be in good body condition. Nevertheless, their 
somewhat compromised metabolic state, as indicated by the low Ht and total protein, may 
be a contributing factor in the apparent inability of the population to recover to previous 
numbers. [Between 1957 and 1969 an estimated 50 000 crocodiles were shot and trapped 
by hide-htmters (Pooley, 1982) while in 1998 the total crocodile population was estimated 
by aerial surveys flown along the river course at 10 000 animals (Simbotwe and Matlhare, 
1988).] 
The n01mal range of intestinal flora was established from a sample of wild Okavango Nile 
crocodiles. Bacteria were cultmed from all crocodiles, with an average of 2.7 species per 
crocodile. Fungi were cultured from approximately half the crocodiles, with an average of 
0.55 species per crocodile. Seven of the bacteria and three of the fungi isolated have 
-- ---------- --- --- --- - -
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previously been associated with septicaemia I fungaemia. This supports the view that 
normal intestinal tract inhabitants can become pathogenic in an immuno-compromised 
crocodile host, and highlights the importance of optimal husbandry practices in an 
intensive crocodile farming environment. 
Smprisingly, Salmonella were not found to be part of the nonnal intestinal flora of the wild 
population. In contrast Salmonella were cultured from the farmed hatchlings at 
Krokovango. This is of importance because of the intended release of farmed juveniles into 
the wild. Further testing of the wild population should be carried out to confinn its 
Salmonella status. If the population remains Salmonella negative, the intended policy of 
release of farmed juveniles will have to be re-evaluated. 
The probiotic trial did not have the beneficial effect expected. This was surprising in light 
of the widespread use of probiotics in other species. There were several factors in the 
design of the experiment that may have influenced the results. There is no doubt that there 
remains a lot of potential in this field. More trials are required, possibly with changes to the 
method of pro biotic administration, age ofthe hatchlings, and bacterial species included in 
the probiotic. 
The disease survey indicated a healthy population in terms of the number of sick 
individuals encountered. However, this is not an accurate reflection of prevalence of 
disease, as discussed in Chapter 4. As more crocodile specific diagnostic tests are 
developed, a more complete disease survey will become possible. Fmther research is 
required to elucidate the role of wild crocodilians as reservoirs of several diseases, 
including pox virus, adenovirus, West Nile virus, chlamydia and mycoplasmosis. 
A very high prevalence of Hepatozoon pettiti was established. The low pathogenicity of 
this parasite was confirmed by haematological analysis of infected and un-infected 
crocodiles. The vector of this parasite remains unknown. 
Mycoplasmosis was not found to occur in the Okavango crocodiles. However, due to the 
low sensitivity ofthe plate agglutination test used, the mycoplasma status of the Okavango 
population remains uncertain. 
Fmther work is essential: the management plan for the crocodiles of the Okavango Delta 
must include concrete recommendations regarding sustainable crocodile ranching. 
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Crocodile ranching has a high conservation value as it creates incentives to ensure long-
term sustainable management of the wild population (MacGregor, 2002). One of the 
measures that can be implemented to ensure long-term sustainability is return of captive 
raised juveniles to the wild. This is the current policy concerning crocodile ranching in 
Botswana. However, the benefit of bolstering the wild population with captive juveniles 
will be negated if mycoplasmosis is inadvertently introduced into a na!ve wild population. 
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